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IIOATOIIIICHUA». PaCCMOTpeHBI CHOCOGBI NpeaAynpeKKACHUA TIOATOIUICHUA 3aCTpPanBaACMbIX
TEPPUTOPUN U MepomnpusTus 1mo 0oprde ¢ HUMHU. OCBEIICHB METOIbI (PHIBTPAIMOHHBIX H
THUAPABIMYCCKUX PACUCTOB I'OPHU3OHTAJIIBHBIX U BCPTUKAJIBHBIX I'PABUTALIMOHHBIX, BAKYYMHBIX U
BEHTHJISIIIMOHHBIX JIPEHAKEH, a TAaK)Ke THEBMOHATHETATEIBHBIX CIIOCOOOB OCYIIIEHUS TPYHTOB.

I[J'I}I HWHKCHCPHO-TCXHUYICCKHUX paGOTHI/IKOB H3BICKATCIILCKUX, IMPOCKTHO-U3BICKATCIILCKHUX H
HAYYHO-HMCCIIEIOBATEIbCKUX OpPraHU3aIlHi.

NPEANCJIOBUE

Hacrosmee [Tocobue pazpaborano k CHull 2.06.15-85 «MHxeHepHas 3amuTta TeppPUTOPUI
OT 3aTOIUICHUS U TIOJITOTLICHUS.

B ITocoOun m3mararoTcss OCHOBHBIC ITOJIOKEHHS M METOMBI pacdyeTa MPOrHO3a MOATOIIICHHUS
TPYHTOBBIMH BOJAaMHU 3aCTPAaUBAaEMBIX U 3aCTPOCHHBIX TEPPUTOPUN, HEOOXOAMMOTO JUIS
NPOCKTHUPOBAHUS TPEAYNPEAUTEIbHBIX W 3alIUTHBIX Meponpustuii. Jlaercs wMeromuka
OTpeieNIeHUs] BETUYHHBI JJOTIOTHUTEILHOTO HHPUIBTPAIIMOHHOTO TTUTaHus. [I[puBoanTCsS cocTan
MEpONPUATHIA TI0 TIPEAYNPEKICHUIO IOATOIUICHUS TEPPUTOPH W OoprdOe C HUM Ha
HNOJTOIUIEHHBIX YYaCTKaX, XapaKTEepU3YIOTCd WX KOHCTPYKTHBHBIE ocoOeHHOCTH. CrenuaibHO
paccMaTpUBaIOTCS BOMPOCHl THUAPOTEOJIOTHUSCKUX ((PHIBTPAIIMOHHBIX) M THAPABINYCCKUX
pacueToB MPUMEHSEMBIX B HACTOSIIEE BPEMS THUIIOB JAPEHAXKHBIX COOPYKEHHH, TO3BOJISIFOIINE
BBIOpaTh HanboJee palvoOHAIBHBIN THI IpeHaXA.

Bce 3aBHCHMOCTH, pEeKOMEHIyeMbIE ISl PacueTOB, MPEJACTABJICHBI B BUJC, YAOOHOM IS
MPAKTUYECKOTO  HCIONB30BAHMS, CHENHATbHBIE  (QYHKIMH, BXOIsdmme B  (HopMydsl,
Ta0yJIMPOBAHBI U JIaHBI B BUJIE TAOJIUII UK TPaUKOB.

s obnerueHus: TONB30BaHUS TpuBeneHHbIMH B [locoOmm Merogamu U pacuyeTHBIMU
3aBUCUMOCTSIMH B K2XKJIOM pa3zielie JaHbl COOTBETCTBYIOIINE IPUMEPHI PaCUETOB.

[Ipu mnpoBeneHHHM pacyeToB TPOTHO3a TOATOIUICHUS TEPpUTOpU U  3(P(PEKTUBHOCTH
3alIUTHBIX MEPONPHUATHH Ha KOHEYHBIC pPE3yJlbTaThl OKa3bIBAIOT OOJIBIIOE  BIUSHHE
JIOCTOBEPHOCTh HCXOJHBIX (DUIBTPALMOHHBIX TApaMETPOB M BEIMYUHA JOMOJHUTEIHHOTO
NUTAHUS TPYHTOBBIX BOA. OTH MapaMeTphl JOJDKHBI OBITH OIPEIENeHBI 10 pe3ylbTaraM
CHEIUANIBHBIX TOJIEBBIX TUApOreonorndeckux padot. IloaTorseHune pa3BUBAaeTCs, TIIABHBIM

NormaCS® (NRMS10-04869) WWw.normacs.ru 20.05.2010 13:11


normacs://normacs.ru/O8?dob=40148,000000&dol=40318,546551�
normacs://normacs.ru/O8?dob=40148,000000&dol=40318,546551�

IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

o0Opa3oMm, B C1a0OMPOHUIIAEMBIX TPYHTAX, JJIsl OMPECIICHUs CBOWCTB KOTOPBIX TPAAHIIMOHHBIC
METOJIbl MPOBEAECHHUS ONBITHO-PMIBTPALIMOHHBIX paboT Mano mpuroansl. I[loatomy cremyer
OTJIaBaTh NPEAIOYTEHUE HETPATUIIMOHHBIM METOAaM, K YHCITy KOTOPBIX OTHOCSTCS IKCIIPecC-
METOJIbl. DKCIpPECcC-METObl (IKCIPECcC-0TKAUKH, HAJMBbl U HarHETaHWE BO3yXa B IUIACT Yepe3
CKBQ)KUHBI) TO3BOJISIIOT COKPAaTUTh CPOKH MPOBEICHUS OMBITHO-(QUIBTPAIMOHHBIX padoOT U
MOBBICUTH TOYHOCTH OIpPENEICHHUs] MapaMeTpoB, MO3TOMY OHHM JOJDKHBI HAWTH IIMPOKOE
MPUMEHEHHE B TPAKTUKE MHKEHEPHBIX M3bICKaHuid. C 3TOM 1eNbi0 B ONMKaiiiiiee BpeMst JOJIKHBI
OBITH pa3paboTaHbl CHELMATBHBIE TOCOOUSI U PEKOMEH IalluH, MTOCBSIICHHbBIE YKCIIPEcC-METOo/1aM
ompezeneHus GUIbTPAUMOHHBIX TAPAMETPOB.

Jannoe Ilocobme paccumTaHo Ha  CHEUUANIKMCTOB, 3aHUMAIOIIUXCS  BOMPOCAMHU
MPOSKTUPOBAHUS MEPOIIPUSATHH 110 MPEOTBPAIICHUIO U OOPHOE ¢ MTOATOIIICHUEM TEPPUTOPHIA.

Hacrosmee [Tocobue paspadorano BHU BOJIAI'EO I'occtposs CCCP: a-p texH. Hayk A. XK.
Mydraxos - pa3z. 1 - 6, unxeneps! U. B. Kopunuenko - paszz. 3, 4, 6, H. M. I'puropsesa - pas.
6, B. 1. Comnoraes - pasn. 2 - 5, kaug. texH. Hayk A. I1. lleBunk - pa3a. 3 - 6, mpuin. 1 - 17,

1. IPUYMHAHBI U ®AKTOPHI NIOJATOILIEHHASA TEPPUTOPUM
OBIIME ITOJIOKEHUA

1.1. CtpoutenbHOE OCBOEHUE TEPPUTOPUI U SKCIUIyaTalUsl 31aHUM, COOPYKEHMM M APYTrux
O00BEKTOB, PACIOJIOKEHHBIX Ha CIA00MPOHUIAEMBIX TPYHTAaX, MPAKTUYECKH IMOBCEMECTHO
COMPOBOXKAAIOTCS HAKOIUICHUEM BJard B TOJIIE TPYHTOB U MOABEMOM YPOBHSI IPYHTOBBIX BOJI
JaXke B TeX CIydasX, Korja OO0 Hadajla OCBOEHHUS TEPPUTOPUU TPYHTOBBIE BOJABI BOOOIE
oTcyTcTBOBaNM. Takoil  mporecc  Ha3blBaeTCsl  MOATOIUICHHWEM (WM TEXHOTCHHBIM
noxroruieHueM). OH BO3HHMKAaeT W pPa3BUBAETCS BCJEACTBUE HAPYUICHUS CIIOXKHUBILETOCs
OPUPOJHOTO JUHAMUYECKOTO PAaBHOBECHS B BOJHOM OalaHCe TEPPUTOPUU. DTU HapYIICHUS
BO3HUKAIOT B pe3yJbTaTe MPaKTUUYECKOW JAEITeIbHOCTH YeJOBeKa M Ha 3acCTpauBaeMbIX
TEPPUTOPHUSIX OOBIYHO Pa3BUBAIOTCS B JIBE CTAJUU - TPU CTPOUTEILCTBE W JKCIuTyaranuu [37,
43].

[ToxgTomienne pa3BUBaeTCs TakKe BCJIEACTBUE MOANOpA TPYHTOBBIX BOJA MNPU CO3IaHUU
BOJIOXPAaHWIHILl U CEIbCKOXO3IUCTBEHHOM OCBOECHHUU TEPPUTOPUU C OpraHU3aluei MOJIMBHOIO
3eMJIEEINN.

[TonromyieHne 3acTPOEHHBIX TEPPUTOPUI BCIENCTBUE IMOANOPA MPHU PETYIUPOBAHUU PEK U
OpOLICHUS] TMPUIETAIOIIMX 3€MENIb K HACTOSALIEMY BPEMEHU H3YyYEHO JOCTAaTOYHO XOPOLIO,
pa3zpaboTaHbl METOJbI €r0 MPOrHO3UPOBAHMS, MPEIYNPEKIACHUS U MPEJOTBPAIICHUS, IO ITUM
BOIPOCaM OMYyOJIMKOBAHO OOJBIIOE KOJIHMYECTBO CHEIUAIBHON JTUTEpaTypbl HOPMATHBHOTO M
METOAMYECKOro XapakTepa [2, 9, 22, 23].

B T0 ke Bpemsi TEXHOT€HHOE MOATOIICHUE MOIYYUIIO MIUPOKOE Pa3BUTHE JIUIb B OCIIEHUE
TOJIbl, U3YYEHHE €ro M pa3paboTKa MEPOMPHUATHI MO MPeAOTBPAIICHUIO JaIeKO HE 3aBEPILIEHBI,
BeCbMa OrpaHUYEHA CHelHalbHas JUTEeparypa, IMOCBsIIEHHass 3ToMy Bompocy. Iloatomy B
JTaHHOW paboTe OCHOBHOE BHHMMAHHE YJEJIEHO MPOTHO3Y W MPEJOTBPAIICHUIO TEXHOTEHHOIO
MOATOIJICHUS 3aCTPAUBAEMbBIX U 3aCTPOCHHBIX TEPPUTOPHIA.

B nanpHeinieM ¢ yd4eToM YKOPEHMBILIEWCS B MPAKTUKE MPOCKTUPOBAHMS, CTPOUTEIBCTBA U
SKCIUTyaTallid TEPMHUHOJOTHUU MPOLIECC TEXHOTEHHOI'O MOATOIICHUS TEPPUTOPUI aBTOpaMu
HA3bIBAETCSI MPOCTO MOATOIIJICHUEM.

Cnengyer OroBopuTh, UYTO TEXHOI€HHOE IIOATOIUIEHWE - CIEACTBHE HOPMaJbHOMN
XO03SUCTBEHHOMN JI€ATEIHLHOCTH YeloBeKa. B To ke Bpemsi OHO yaillle BCero MHTeHcupuuupyercs
TaM, TJ€ HWMEIOTCS HEIOCTaTKH B MPOEKTHUPOBAHUM, CTPOUTEIBCTBE U IKCILTyaTallMHU
coopyxeHnil. [lo3TOMy CBOEBpEMEHHBI MPOTHO3 MOATOIUICHUS OCBAUBAEMOM TEPPUTOPHH H
COOPYKECHHE CHEIUAIBHON CHUCTEMBI OOpPHOBI C HUM, T.€. MPEAYNPETUTEIBHBIX U 3aIIUTHBIX
MEPOTIPUITHH, SBISIOTCS HEOOXOIUMBIM YCIIOBUEM HOPMAJIbHON XO3SMCTBEHHOM JEATEIHLHOCTH.
Haubonee akTyanbHBIMH BOIMPOCHI MPOTHO3a M 3AIIHUTHI OT MOATOIUICHHUS CTAHOBSITCS HAa TEX
y4acTKax, TIJieé MPUPOAHbIE YCIOBHUS OJAroNpUSATCTBYIOT Pa3BUTHIO IMOATOIUICHUSA. Takumu
SIBJISTFOTCSI  YYaCTKH, CJIOKEHHBIC CIa0OMPOHUIIAEMBIMU M HAOYXaIOUUMU TIPU YBIAKHECHUH
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IpyHTamMH, c1a00 pa3BUTON IPO3UOHHON CEThIO, HETTTYOOKHM 3aJIeraHueM BOJOYIIOPHBIX CIIOEB C
HEPOBHOI1 KpOBJIEH, 3aTPyIHEHHBIM IOBEPXHOCTHBIM U OCOOCHHO MOJI3eMHBIM CTOKOM. [loaToMy
BOMPOCAM HW3YYEHHUS MPHUPOIHBIX (TreoMOp(OIOTHYECKUX, TeO0JOr0-TUIPOTreOIOTHUECKUX,
MHKEHEPHO-TEOJIOTUYECKIX) YCIOBUN TMOAJIeKAIIMX OCBOCHUIO TEPPUTOPHIl B mpoliecce
WHKCHEPHBIX U3bICKAaHUH TOKHO YIEIATHCS O0JbIIOe BHUMAHHUE.

MPUYUHBI HOATOIVIEHAA TEPPUTOPUI

1.2. OcCHOBHBIMM TpPUYMHAMHU TOATOIUIEHUS HAa CTAJAUU CTPOHUTEIBHOTO OCBOCHUS
3aCTpaMBacMbIX TEPPUTOPUI SBISAIOTCS HM3MEHEHHE YCIOBHH ITOBEPXHOCTHOTO CTOKAa NPH
OCYILECTBIICHUH BEPTUKAIBHOM TIUIAHUPOBKH (B TOM YHCJE 3aCBHIIKM €CTECTBEHHBIX JpEH -
OBparoB M BOJOTOKOB, CPE3Ka PACTHTEILHOTO IOKPOBA U Jp.), a TAKKE 3HAYMTENbHBINA Pa3phIB
BO BPEMEHHU MEXAY 3eMJITHBIMU U CTPOUTEIBHBIMU pabOTaMH HYJIEBOTO IIMKJIA, IPUBOISIINI K
HAKOIUICHHUIO TOBEPXHOCTHBIX BOJI B CTPOUTENBHBIX KOTJIOBAaHAX, TPAHILESX M BEIEMKAX.

OCHOBHBIMU NPUYMHAMU MOATOIUICHHS HAa CTaIUM SKCIUTyaTallud 3aCTPOCHHBIX TEPPUTOPHIA
(TPOMBINUIEHHBIX TMPENPHUITHI, TOPOAOB, TOCENKOB M JAPYIMX OOBEKTOB) SBIISIOTCS:
UHOQUIBTPAIUS yTEUYEK TEXHOJIOTMYECKHX BOJI, MPOMBIIIJICHHBIX U XO03SHCTBEHHO-OBITOBBIX
CTOKOB, a TaK)Ke IIOJIMBBI 3€JICHBIX HACAKACHUH, N3MEHEHNE TEIIO-BIAKHOCTHOTO PEXHUMaA MO
3MAQHUSIMHM, COOPYKCHHUSMH U TOKPBITHSMH, BIUsSHHE OappaxHoro »s¢dekra (3amepxka
HOBEPXHOCTHBIX U ITOJ3EMHBIX BOJ| 31aHUSIMH U COOPY)KEHUSIMN).

WHTeHCHBHOCTD Pa3BUTHS Ipollecca MOATOIUICHUSI U OCOOEHHOCTH €ro MPOSIBICHUS 3aBUCST
OT TIPUPOJHBIX YCIOBHH, XapakTepa TEXHOJOTHYECKOTO Ipolecca MPEIIpHUSATHS, MIOTHOCTH
3aCTPONKM TEPPUTOPUH, [apaMETPOB CHUCTEM BOJOHECYIIMX KOMMYHHKaIMi (pacxof,
HPOTSKEHHOCTb, TNIOTHOCTh KOMMYHHUKAIIMK M BOJIOCOACPIKAIINX EMKOCTEH U 1. ).

NCTOYHUKHU U PAKTOPBI NIOATOIIVIEHUA

1.3. HcTroyHMKH TOATOIUICHUS TEPPUTOPUN TPOMBIIUICHHBIX TMPEINPHUATHH, TOPOJOB H
HACEJICHHBIX YHKTOB Pa3C/IsIOTCS Ha €CTECTBCHHBIC U MCKYCCTBeHHBIC [42, 43].

K ecrecTBeHHBIM HCTOYHHUKAM OTHOCSITCS aTMOC(EPHBIC OCAIKHU (I0KICBBIC U Tabie BOIBI),
TPYHTOBBIE BOJIbI, CTOK TOBEPXHOCTHBIX BOJ] C OKPY>KAIOLINX TEPPUTOPUH, BOa B TApOOOPa3HOM
dbopme B rpyHTax 30HBI adPaIlHH.

K HUCKYCCTBCHHBIM HCTOYHUKAM OTHOCATCA BOJbI, HAKAIUNIMBAIOIIUCCA B PA3JIMYHBIX
HMCKYCCTBCHHBIX TMOHWXEHUSAX pelibeda, KOTIOBaHAX, TPaHIIESIX, TPYHTAX OOpaTHOM 3aCHITIKH,
Pa3iInYHbIC PE3CPBYApHI, OTCTOﬁHHKH, HAKOIIUTCIN XHAKUX CTOKOB M IJIIaMOHAKOIIUTCIIH,
THUAPO30JI00TBAJIBI, OUYUCTHBIE COOPYKEHHSI, OOBEKTHI ¢ MOKPBHIM TEXHOJIOTMYECKUM IPOIECCOM
(mexu MOKpBIX Tpou3BoACTB, TOII 1 ap.), BoJOHECyIe KOMMYHUKAIIMH BCEX BUIOB U JP.

[Ipomiecc moaTomICeHNs pa3BUBACTCS B PE3yJIbTaTe BO3ACUCTBHS PA3TMIHBIX (PaKTOPOB HIIA UX
KOM6I/IHaHHI>'I. CDaKTOpI:I MOATOIVICHUA MMOAPA3ACIIAOTCA HAa AKTUBHBIC U ITACCUBHBIC.

AKTUBHBIE (DAKTOPHI HETIOCPEACTBEHHO BBHI3BIBAIOT OOBOJHEHHE TPYHTOB M B CBOIO OYepe.lb
nmoapa3aAcIsItOTCA Ha CCTCCTBCHHBIC U UICKYCCTBCHHBIC.

K ecrecTBeHHBIM aKTHBHBIM (DAaKTOpaM OTHOCST MPOILECCHl KOHICHCAIIMU W KOHIICHTPAIlUU
BJard TOJ COOPY)XCHUSMH M TOKPBITHSIMH, a TakKe B TPYHTax OOpPaTHBIX 3aChHINOK,
WH(HUIBTpAIUS TAJIbIX U JIMBHEBBIX BOJI.

HckyccTBeHHBIE aKTHBHBIE (PAKTOPHI BKJIIOYAIOT HMHQHIBTPALUIO MOBEPXHOCTHBIX BOJ W3
HMCKYCCTBCHHBIX BBIPAOOTOK, a TakXe OOBAJOBAaHHBIX WJIM IEPETOPOKCHHBIX HACHIISIMU
TEPPUTOPUH, MHPUIBTPAIIMIO W3 BOJOHECYIIUX KOMMYHHKAIIMH, BOJOMOTPEOSIIOMINX IEXO0B
NPEANPUATHI, HAKOMUTEIEH, OTCTOMHUKOB, BOJOBMEIIAIONIUX EMKOCTEH, a TakXe IMOIIop
TPYHTOBBIX  BOJA  BCJIEACTBHUE  YCTPOWCTBA  BOJOXPAHWIMIL, IPYAOB, OTCTOMHUKOB,
THAPOTEXHUIECKUX COOPYKEHUH, HHOUIBTPAIUIO MTOJTUBHBIX BOJI.

ITaccuBHBIE (baKTOpI:I noapa3ACIA0TCA Ha CCTCCTBCHHBIC 1 UCKYCCTBCHHBIC.

EcrecTBeHHbIEe (aKTOPBl O0OBEAMHSIOT MPUPOJHBIC, KIMMATHYECKHUE, T€OMOP(OIOTHIECKHE,
r'e0JIOTO-JTUTOJIOTUYECKHE, THAPOrpadUIecKre U THAPOTEOIOTHUECKUE YCIOBHSI TEPPUTOPHUU.

K uckyccTBeHHBIM (pakTOpaM OTHOCST HAPYIICHHE MOBEPXHOCTHOTO CTOKA M3-32 OTCYTCTBHS
BepTHKaﬂbHOﬁ IMJIAHUPOBKU WK USMCHCHUSA CCTCCTBCHHOI'O penbe(ba.
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2. MIPOTHO3bI MOATOILJIEHUS 3ACTPAUBAEMBIX TEPPUTOPHUIA
NCXOAHBIE ITPEAITIOCBIJIKH

2.1. TloBbllieHHE YPOBHS TPYHTOBBIX BOJ HAa 3aCTPOCHHBIX M 3aCTPAUBAEMBIX TEPPUTOPHUIX
MPOUCXOIUT O/ BIUSHUEM COBOKYITHOCTH Pa3UYHBIX MPHUYUH U (DAKTOPOB, COBMECTHBIN ydeT
KOTOPBIX MPH Pa3pabOTKe METOAOB MPOTHO3a MOATOIUICHUS MPAKTUYECKH HEBO3MOXKEH. B To ke
BpEeMsl JICTATbHBIN aHAIW3 TUHAMUKHA TEXHOTEHHOTO IMOJITOTUICHUS ITOKa3bIBAET, YTO CYMMapHOE
BO3/ICHICTBIE COBOKYITHOCTH ()aKTOPOB MOKET OBITh YITCHO, €CIIU CUUTATh, YTO HA OCBAUBAEMBIX
TEPPUTOPUAX WM HA UX OTACIHBHBIX YyYaCTKaXx TPYHTOBBIC BOJBI IOJYYAOT CBEPXY
JOTIOTHUTEIFHOE TMHTAHWE OMPEEICHHON WMHTEHCUBHOCTA. OJTO JIOTIOJHUTEIHLHOE IUTAHHE
00yCIIaBIUBACTCS HAPYIICHUEM €CTECTBEHHBIX YCJIOBHHM CTOKAa M HCIAPCHHS aTMOCQEPHBIX
0CaaKoOB, WH(MUIbTpallMEll B TPYHTHI BCEBO3MOXHBIX BOJOIOTEPh - U3 BOJOHECYIIUX U
BOJIOOTBOJIAIIIMX KOMMYHHUKAIIMHA, PA3IUMYHBIX HAKOIMTENCH, TEXHOJIOTHYECKOW BOABI M T.II.
[MoaToruieHne TEPPUTOPHI MPOUCKXOTUT TAKKE 3a CUET PACTEKAHUs KYIOJOB I'PYHTOBBIX BOJ,
c(hOpPMHUPOBABIINXCS BCIICJICTBUE KPATKOBPEMEHHBIX BeCbMa MHTECHCHUBHBIX yYTEYCK W IPOJIMBOB
BOJIBI aBApUUHOTO XapaKTepa.

MHTEHCUBHOCTh,  IUIaHOBAas  KOH(HTrypamus  O4YaroB  TMOJTOIUICHHS  (MCTOYHUKOB
JOTIOTHUTEIPHOW ~ MHQWIBTPAIIMH),  MPOJODKUTEIBHOCTh M XapakTep  MOCTYIUICHUS
JIOTIOTHATEILHOTO THMTAHUS BEChbMa pa3W4Hbl. [Ipy 3TOM B CHIIy YPEe3BBIYAHO OOJIBIIOTO
pazHooOpa3usi MPUPOIHBIX YCIOBUH W JIMTOJIOTHYECKOTO CTPOCHHUS TEPPUTOPUU B OJHUX
CIy4assX TPOUCXOTUT HM3MEHCHHE YPOBEHHOTO pEeXHMa TPYHTOBBIX BOJ, B JAPYIrUX -
dbopMUpOBaHHE TEXHOTEHHOW BEPXOBOJKH WM TEXHOT€HHOTO BOJOHOCHOTO Topu3oHTa. [Ipum
9TOM HapsAAy C W3MEHCHHEM YPOBEHHOTO pPEXHMa TPYHTOBBIX BOJ IMPOMCXOMAT HW3MCHCHHE
XUMHUYECKOTO COCTaBa MOA3EMHBIX BOJ, BIAKHOCTH M TMOTJIOMICHHOTO KOMILJIEKCA MOPOJ 30HBI
al’palliy, a Tak)Ke CHIDKCHUE HECYIICH CITOCOOHOCTH IPYHTOB.

2.2. B COOTBETCTBUU C U3IOKEHHBIM TPOTHO3 TEXHOTEHHOTO TMOITOIICHHUS TEPPUTOPUIL
BKJTIOYAET B €051 KOJIMYSCTBEHHYIO OIICHKY CIEAYIOMUX THAPOINHAMUYCCKUX MPOIIECCOB:

00pa3oBaHUs TEXHOTCHHON BEPXOBOJKH HA BOJOHEIPOHHUIIAEMBIX JIMH3aX B IMpeAesiaX 30HbBI
asparuu. OOJacTh PacHpOCTPAHEHUs ATOW BEPXOBOJKH B IUIAHE OTPaHHYCHA M TIOJHOCTBIO
OTIpeICIIIETCS pa3MepaMy BOJOHETIPOHUIIAEMBIX JTUH3;

(hOpMUPOBAHUS TEXHOTCHHOTO BOJOHOCHOTO TOPHU30HTa CO CBOOOJHOH TMOBEPXHOCTBHIO Ha
PETHOHAIBHOM BOJIOYIIOPE B MIEPBOHAYAILHO CYXHX BOAOMPOHUIIAEMBIX TPYHTAX;

U3MCHEHHUS YPOBEHHOTO pEeXHMa CYIISCTBYIOIIETO B €CTECTBEHHBIX (HEHApPYIICHHBIX )
YCIIOBUSX TOPU30HTA TPYHTOBBIX BOJ BCIEACTBHE TOTIOTHUTEIHLHON ITOMATHON HHOUIBTPAIUH,
COCPEJIOTOYCHHBIX  YTEUEeK W3  BOJOHECYIIMX  KOMMYHUKAIIMA  WJIM  pacTCKaHUs
c(hOpMHUPOBABIINUXCS K MOMEHTY MPOTHO3a KYIOJIOB IPYHTOBBIX BOJ;

U3MCHEHUS XHWMHUYECKOrO0 COCTaBa IIOA3EMHBIX BOJ W TPYHTOB TIOJI BIIUSHUEM
UHQUIBTPYIOIIUXCS BOJ;

WU3MEHEHUS BJIAYKHOCTHOTO PEKUMa TOPHBIX MTOPOJT 30HBI adpalliy BCJICACTBHE HAPYIICHUS e
TEMIEPATYPHOTO PEKUMA;

U3MEHEHUs (PU3MKO-MEXaHHUECKUX CBOWCTB IPYHTOB IIPH UX YBJIQKHEHUU U OOBOJTHCHUMU.

HccnenoBanue MepeyrCICHHBIX MPOIIECCOB MOXET OBITh OCYIIECTBICHO TPEMSI METOJIaMU -
METOJIOM AaHAJIOTUH, AHAIATHYCCKUM W MOJCIMPOBAHUEM HA AHAJIOTOBBIX HJIM ITU(PPOBBIX
BBIUMCIUTENHHBIX MAIIMHAX, & TAKXKE IKCTIEPUMEHTAIILHO.

2.3. Meton anajmoruid OCHOBAaH Ha HAKOIUICHMM HW  aHaIW3e  (PaKTHUECKOTO
TUIPOTEOJIOTUYECKOT0 MaTepuasa Mo MOATOIUICHUI0 KOHKPETHBIX 3aCTPOCHHBIX TEPPUTOPUN U
MOCIICAYIOMIEM TEPEHOCE ATHX JaHHBIX Ha MPOTHO3HPYEeMble OOBEKTH. J[Is BO3MOXHOCTH
TAKOro TIEpeHOCa TeoJIOTO-TUAPOTCONIOTHUECKAE YCIOBUS M XapakTep TEXHOTCHHOTO
BO3JICHCTBUS HA TPYHTOBBIC BOJIBI HAa OOCHX TEPPUTOPHUSX JOJKHBI OBITH OJUHAKOBBI WIIH
ONM3KuM Ipyr K Apyry. JlaHHBIM MeToa OOBIYHO MPUMEHSETCS B TE€X CIydasX, KOTJa MOTHOCTHIO
UCKJTIOYCHA BO3MOYKHOCTh COCTABJICHUS ITPOTHO30B TOITOIJICHUS TEPPUTOPUI Ha OCHOBE Ooliee
TOYHBIX MeTONOB. OIHAKO B HEKOTOPBIX CIIy4asX TOYHBIC IPOTHO3BI W HE TPeOyrTCs,
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JOCTaTOYHA JIUIIb MPUOIMKEHHAs! OICHKAa BO3MOXKHOCTH MOJTOIUICHUS TEPPUTOPUH C LIENIBIO
[IOCTAHOBKM CIIELMAIBHBIX T'MIPOT€0JOTMYECKUX HCCIeloBaHUA. B 3THX ycloBUsAX MeToA
aHaJIOTHI OKa3bIBAETCS BIIOJHE YOBICTBOPUTEIHHBIM.

2.4. Meron MOAECIMPOBAaHWS OCHOBaH Ha pemeHud auddepeHnanbHbIX ypaBHEHHN
(GUIBTpaluK HA 3aCTPAaUBAEMbIX U 3aCTPOCHHBIX TEPPUTOPHSX ¢ Ucmonab3oBanueM ABM u OBM.
OTOoMy METOAY B IPUHLMIE MO CHIIy PELICHUE CIO0XKHEHIIMX I'MIPOreoJIOTMYecKUX 3ajad Ha
KPYIHBIX OOBEKTaX HCCICIOBaHMWM, HampuMep NP MHOTOCIOWHBIX IJIaCTaX U CIIOKHOM
ouepraHuu rpanwuil miacra [10, 18, 39].

N3 HemocTaTKOB 3TOrO0 METOAA B IEPBYIO OYEPEdb  CIEAYET OTMETUTh  €ro
HEYHUBEPCAIBHOCTh, KOT/Ia TIOJIYYEHHOE PELICHNE MOXKET MOAXOAUTh TOJIBKO JUIsl KOHKPETHOTO
00BeKTa, a JIs peleHns MOBOH 3ajauu TpedyeTcs mocTpoeHne nHoi Monenu. Kpome toro mpu
MOJIEIMPOBAaHUM HA TOYHOCTb IOJIYYAE€MBIX PE3yJIbTATOB BIMAIOT 0OOUYHBIE 3D (PeKTh MOnenH,
TaKue Kak IIar CeTKH, Ha KOTOPYIO pa3OuBaercs o01acTh (pUIbTpAllMi IPU MOACTUPOBAHUU HA
CETOYHBIX MOJEIAX, a NPU MOJCIMPOBAHMM Ha CIUIOIIHBIX MOJENSAX - JONOJHHUTEIbHBIE
MOTPEIIHOCTH BHOCUT HEOJHOPOJHOCTH 3JEKTPOIPOBOJHON Oymaru u Jip. ITH 00CTOSTEIHCTBA
HOBBIIIAIOT TPEOOBaHMSI K HCXOJHON MH(POPMAaLUK O GUIBTPALMOHHBIX M EMKOCTHBIX CBOMCTBAaX
BOJIOHOCHBIX IIJIACTOB, YCJOBUSAX UX NMUTAHHS, IPEHUPOBaHUS U T.1. OZHAKO B MOAABISIONIEM
OOJBIIMHCTBE CIY4aeB MCXOJHAs T'MIPOreojoruueckas nHpopmanus, noydyeHHas B Ipolecce
MH)XEHEPHBIX WM3bICKaHUM, COBEPLIEHHO HEAOCTaTOYHA, W IO3TOMY HAJIO)KEHHE HETOYHOCTEN
uH(popManM WM3BICKAHUK Ha TOTPEUTHOCTH OT TOOOYHBIX 3(PGEKTOB MOACIH 3a4acTylo
o0eCIIeHMBaeT MpHMEHEHHEe MeToAa MojaenupoBaHus. HeoOXoamMo OTMETHTH TakXke, YTO
OBICTPOMY IMOJYYEHHIO PE3YyJbTATOB PELICHMs 3aJauyd NPU MOJAEIMPOBAHUU IPENIIECTBYET
JIOBOJIBHO JUIMTENIbHBIN 3Tan cCOOPKU MOJIENH, OTJIAAKH Iporpammbl Ha OBM u 1.11.

2.5. AHamuTHYeCKHEe METObl NMPOTHO3a MOATOIUIEHUS HE YCTYNAlOT, a ceddac 3a4acTyio U
IIPEBOCXOJAT B TOUHOCTH METOJ MOJAEIUPOBAaHUA. TOUHOCTh AaHATUTHUYECKUX METOJOB 3aBUCUT
y’Ke€ TOJIBKO OT JOCTOBEPHOCTH MCXOJHOM THAPOreoIorn4eckoil MH(pOpMalMU M TOYHOCTH
pemwenust  nupdepeHIUaNbHBIX  ypaBHeHUH — ¢wibTpaumu.  JpyruM  mpenmyniecTBOM
AHAJTUTUYECKUX METOJIOB SIBJIAETCS MX YHMBEPCAIBbHOCTh, KOTJA, pacroyaras HabopoM peleHun
JUISL TUTIOBBIX THAPOTEOJIOIMYECKIX CXEM, MOKHO pelaTh HIMPOKHA KPYT 3a1ad4.

OTMeueHHbIE OOCTOSTENBCTBA IO3BOJISIFOT CHENATh CIENYIOIUI BBIBOJ - HOCTPOCHHEM
npocreield Mojenu o01acTd GUIBTPALUHU U Mocheaytomen ee peanmzaunn Ha ABM nu O9BM
Ooiee I1OCTOBEpHBIE pE3yJIbTaThl JPYTUM (AHAINTUYECKUM) METOAOM IOJIyYUTh HENb3sl.
[loaTOMy OCHOBHBIM METOJOM NIPOTHO3a TOATOIUIEHHUS 3aCTPOCHHBIX M 3aCTPanBaeMBbIX
TEPPUTOPUI CIIEAYET CUUTATh AHAIMTUYECKUH, XOTA Ui IoJydeHus 6osee TuddepeHInalIbHbIX
[0 TUIOIIAAM JAHHBIX 10 NPOTHO3Y YPOBHEH MOMKET OKa3aThCsi HEOOXOIMMBIM INPHUMEHEHHUE
Meroaa mMozenupoBaHus. CreqyeT Takke OTMETHTb, YTO IO METOJaM INPOrHO3a MOATOIICHHS
tepputopuii Ha ABM u DBM ony0OiukoBaHo 3HauuTenpbHOe umcio pador [10, 18, 34, 39],
O0COOEHHO B TIOCJICTHUE TOJIbI, 3TO OCBOOOXKIAET aBTOPOB OT HEOOXOIWMOCTH IETAIBHOTO HX
paccMOTpEHMS.

Bomnpockl H3MeHEeHUs1 XUMHUYECKOTO COCTaBa MOA3EMHBIX BOJ U BIAXKHOCTHOTO PEXHUMa IOPOJ
30HBI a’3pallMy MpU MOATOIUICHHMHM B HACTOSIIEE BpeMs MPAKTHYECKH HE M3Y4YEHBI, TOSTOMY B
JAaHHON paboTe OHM He paccMmaTpuBaroTcs. He 3arparmBaroTcs Takyke BOINPOCHI M3MEHEHMS
(U3UKO-MEXaHNYECKUX CBOWCTB TPYHTOB MPH MOATOIUIEHUH, TOCKOJIBKY OHHM BBIXOJIAT 32 PaMKU
JAaHHOU PabOoTHI.

CXEMATH3ALIUS IPUPOJHBIX YCJIOBUA

2.6. IIporiecchl MOATOIUICHUS Pa3BUBAIOTCS B PAa3IMYHBIX MTPUPOIHBIX YCIOBUAX, TOITOMY UX
cXeMmaTru3anusl s [eJed IPOrHo3a SIBISIeTCS HeoOX0oauMoi. MeTopl MporHo3a MOATOTICHUS
3aCTPOEHHBIX WM 3acTpanBaeMbIX TEPPUTOPUN OCHOBAaHbI Ha TOM, 4YTO B HX IMpenenax
MOJI36MHBIE BOJBI MOJIYYAlOT CBEPXY IOMOJIHUTEIbHOE MHMOUIBTPALMOHHOE MUTAHHE, KOTOPOE
MOJKET OBITh paclpeesieHO 0 TEPPUTOPUN PAaBHOMEPHO UM HEPaBHOMEPHO. B cooTBeTcTBUU €
TUM CXEMAaTHU3allMU MOJIeKAT: T€OMETpPHUs IUlacTa WM OTACNIbHBIX €ro CJIOEB B IUIAHE U
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paspese, GUIbTpallMOHHbBIE CBOMCTBA IPYHTOB, JOMOJHUTEIFHOE WHOMIBTPALMOHHOE MMUTAHUE,
XapaKTepUCTUKU MOTOKOB (HampaBieHHE, MOIIHOCTh, YKJIOHBI U T.J.), @ TaKKe IPaHUYHBIE U
HauanbHbIe ycnoBus (37, 38, 43, 53).

OcHoBOM JuIsi cXeMaTH3aluu MPUPOJIHBIX YCIOBUI SBJISIOTCS JaHHbIE WH)KEHEPHO-
TEOJIOTUYECKUX M THJIPOTCOJIOTHYECKUX HW3BICKAaHWH, a TaKXe OIbIT CTPOUTENbCTBA H
JKCILTyaTalluu, €CIIU TaKOBbIE UMEIOTCSI.

I'panunel obnactu GUIBTpaMK MOAPA3ACTAIOTCS Ha BHEIIHWE W BHYTpEeHHUE. BHemHue
TPaHULbl OTPAaHUYUBAIOT 00JacTh (UIBTpAMUM B IUJIaHE, CIOJAa OTHOCATCA pEKH, 03€epa,
BOJIOXPAaHWINIIA, OBPAaru, HEMPOHUIIAeMbIe TUIOCKOCTH, O0YCIIOBICHHBIE cOpOcaMH, pa3ioMaMH,
HAJBUTaMH{, TPUMBIKAHUSMHU aJUTIOBHAIBHBIX OTJIOXKEHUH K KOpPeHHOMY Oepery H T...
BHyTpeHHHE TpaHHIBl Pa3[eNsiOT 30HBI C PA3THMYHBIMH (UIBTPAIMOHHBIMH CBONCTBAMH B
IUTaHE U pa3pese.

2.7. C TOYKHM 3pEHUS PACIIONIOKCHHSI BHEIIHUX TPAaHUIl U MX BIUSHUS Ha (QopMHUpoBaHUE
(GUIbTPAIMOHHBIX MOTOKOB TOJ BJIMSHUEM JOMNOJHUTEIBHOTO MHQHIBTPALIMOHHOTO MUTAHUS
BBIJICTISIIOTCS TUTACTHI HEOTPAaHUYCHHBIE, MTOJIyOTpaHUYEHHBIC U OTPAHUYCHHBIE B TIJIAHE.

HeorpannueHHbIMU B IJIaHE CYUTAIOTCS IJIACTHI, KOTJA MOJIOKEHHUE UX IPAaHUIl HE OKa3bIBaET
BIUSHUS Ha JMHAMUKY YyPOBHEH TpU TMOCTYIUICHHH JOTIOJHUTEIHHOW WH(DUIBTPAIINH.
[TpakTHyecky HEOrpaHWYEHHBIMHU CIIEIyeT CYUTATh IUIACThl B TOM cllyyae, KOrJa M3MEHEHHE
YPOBHEH Ha €ro rpaHMIaX K KOHIly pacyeTHOTO Mepuoja nporuosa He npesbimaet 0,05Ah,, roe
Ahy, - MakCUMaJbHBIH TOABEM IO/ BIUSHHEM JOTOJHUTEIBHOW HHOUIBTPAIIMU 332 3TOT IKE
HEepUoS.

Ecnu BaustHEEM OJHON M3 TpaHMII TIacTa MPU MPOTHO3HBIX pacyeTax IMpeHeOperarh Hemb3s,
TO IUIACTBl CYMTAIOTCSI MOJYOTrpaHMYEHHBIMU. B OoNbpIIMHCTBE ciyyaeB Ha TpaHMIIE IJIacTa
BBITIOJIHSIOTCSL YCJIOBUSL TEPBOTO pOJa, T.€. M3BECTEH HANOp IOA3EMHBIX BOJA, HO HEPEAKO
BCTPEUAIOTCS W YCIOBHUS BTOPOTO pPOja, KOTJa TpaHMIAa BOJOHENPOHHIIaeMa WJIM Ha HeH
U3BECTEH pacxoj MmoTtoka. OueHb 4acTO BCTPEYAIOTCS] BOJOHOCHBIE IUIACTHI MOJI0CO00pa3HON B
wiane Qopmbl. Ha rpanunax miacta MoryT ObITh YCJIOBHUS TEPBOTO WM BTOPOTO POja.
Haunbonee xapakTepHbl 1M0JI0OCOOOpa3HbIe IUIACTHI B JIOJIMHAX PEK U MEXAYPEUHBIX MAaCCHUBaX.
WNuorga BcTpewaroTCsl IUTACTHI-KBAApaThl U IJIACTBI € OJIM3KUM K KPYTOBOMY KOHTYpOM
(HEempOHMIIAEMBIM WJIM TIOCTOSIHHOTO HAropa).

K BHeImIHUM IpaHuIlaM IIacTa OTHOCSATCS Takke CBOOOIHAs MOBEPXHOCTh T'PYHTOBBIX BOJ, Ha
KOTOPYIO TIOCTYIAET JIOTOJHUTEIbHOE WHOMIBTPALMOHHOE MMUTAaHKUE, U TOAOIIBA BOJOHOCHOTO
iacTta, KOoTopas MOXET ObITh HENpOHHUI[aeMOW WM uYepe3 Hee MPOMCXOAUT BOJOOOMEH ¢
HUDKEIeKAIUMU TUTaCTaMU.

2.8. C ToukM 3peHUs BHYTPEHHUX I'PaHUI] IUIaCTa BBIACISAIOTCS (PUIBTPallMOHHO-0THOPOAHbBIE
U (QUIBTPAIIMOHHO-HEOHOPOAHBIE IUIACTHI, MPUYEM, KaK T€, TaK M Ipyrue Moryt objanarh
aHU30Tponueil GUIbTPAIMOHHBIX CBOMCTB. [Ipu cTporom mojaxoje Bce BOJOHOCHBIE MOPOIBI C
TOYKU 3pPEHUS UX MPOHHUIIAEMOCTH SBIAIOTCS HEOTHOPOAHBIMH, MPUYEM 3Ta HEOJHOPOIHOCTD
HOCHUT BEPOSITHOCTHBIN Xapakrtep. [lo MHEHHIO MHOTHX CIEUAINCTOB, B PACUETHBIX CXeMax 3a
OJTHOCJIOMHBI TPUHUMAETCS IJIACT, B KOTOPOM IPOHHUIIAEMOCTH OTAEIbHBIX YYAaCTKOB (WU
MPOIIACTKOB) OTJIMYAIOTCS APYT OT Apyra He Oosiee yem B 10 pas.

OnHako mMogoOHOE OTpaHUYCHME SIBIAETCS OYEHb CHIIBHBIM M HE HMEET TEOPETHUYECKOTO
o0ocHoBaHudA. (CoOMOCTaBUTENbHbIE pPACYEThl [0 3aBUCUMOCTAM [JJIsl  OJHOCIOHHBIX U
JIBYXCIIOWHBIX IJIACTOB, BBIMOJHEHHbIE B [27] MOKa3aiH, YTO C MOTPEIIHOCTHI0 B KOHEYHBIX
pesynbratax He Oonee 5 % (MO ypOBHSIM) HEOAHOPOJHBIE IIJIACTHI MOKHO TPUBOAMTH K
OJTHOCJIOMHBIM TIPH COOTHOIIEHUH IMPOHMIIAEMOCTH OTIENBHBIX ciloeB He Ooiee 25. C yderom
3TOrO0 COOTHOIICHHS BEIMYMHA pacueTHoro ko3dduimenta GuibTpaluu ompenensercs o
dopmymnam:

B HEOJTHOPOJIHBIX B TuiaHe ruiactax [50]

L kRt EEt tEE,
R+E+.+F,
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B CJIOUCTHIX IIaCTax MMpu q)HHBTpaL[I/II/I MOA3CMHBIX BOJ IMAPAJUICIIbHO CJIOAM

< farm t Ry ot R,
py tey T tm,

B CJIOUCTHIX ILTIaCTax IIpu Q)HHBTpaHI/II/I IMOA3EMHBIX BOJA HOPMAJIBHO K CJIOSAM

I = y eyttt
wyll +ayl + .t
3nech Ki, ko, ..., kn - koo dunmenTs! GuabTpanuu OTAEIBHBIX YIaCTKOB WM CIIOEB, My, My, ...,
Mp - MOIIHOCTH cJoeB, F1, F, ..., Fy - momanu oTaenbHbIX y4aCTKOB.

MHOro4YMCIeHHbIH HATypHBIM MaTepHan [OKa3blBa€T, YTO JUIS 3aCTPOCHHBIX U
3aCTPauBACMBIX TEPPUTOPUN HApSALY C OJHOCIIOMHBIM XapaKTEPHO [BYXCIOHMHOE CTPOCHHE
BOJIOHOCHOTO IJIACTa, KOTJa MEeHee MPOHUIaeMbli CJIOH MOoJACTHIIaeTCs 0osiee MPOHUIIAEMbIM.

WNHorma BcTpedaroTcs CIOUCTBIC IUIACTBI, Pa3eNICHHbIE CIa0OMPOHUIIAEMBIMHU MPOCIOSIMH,
yepe3 KOTOpPbhIE OCYILECTBISETCS BOJOOOMEH BEPXHUX TOPU3OHTOB ¢ HIKHUMH. OJHAKO, Kak
MPABHUJIO, MHTEHCHBHOCTH 3TOTO BOJJOOOMEHA HEBEJIMKA U €0 BIUSHUEM Ha TUHAMUKY YpPOBHEU
IIPU MIPOTHO3€ MOJATOIUICHUSI TEPPUTOPUI MOKHO MpeHeOpeub. Takum 006pa3zom, MpH MPOTHO3aX
MNOATOIJICHUsI 3aCTPOCHHBIX W 3aCTPaMBAaEMbIX TEPPUTOPUM B KAYeCTBE PACUETHBIX
MIPUHUMAIOTCS:

OJHOPOJHBIM IJIACT HEOTPAHUYEHHOW MOILHOCTH;

JNBYXCJIOMHBIA »  IIPU HEOTPAHMYEHHOW MOILIHOCTH HU>KHETO CIIOS;

OJIHOCJIOMHBIM »  KOHEUHOM MOIITHOCTH,

JIBYXCJIOMHBIA ~ » » » .

I'panuiel pa3gena Mexay OTAEIbHBIMU CIOSMUA WM JUTOJIOTMYECKUMHU PAa3HOCTSIMU MOPOJ
IpU CXEMaTU3allMM 3aMEHSIOTCS TOPU3OHTAJIBHBIMHU IUIOCKOCTSMH, MPOXOIAINIMMHU Uepe3
CpelHHe JUIsl KaXJOW TpaHUllbl OTMETKH. 3aMEHa HAKJIOHHBIX IOBEPXHOCTEH pasjena Wid
BOJOYIIOPOB  TOPU30HTAIBHBIMM  IUIOCKOCTSMM  JOIYCTUMa IpU KX  YKJIOHaX Ha
paccMatpuBaemMoii Tepputopuu He 6onee 0,01.

2.9. JlonomHutenbHOe WHOUIBTPAIMOHHOE NUTAaHHE TPYHTOBBIX BOJ, BO3HHUKAIOLIEe Ha
3aCTPOEHHBIX W 3aCTPAaMBAEMbIX TEPPUTOPUAX TOJ BIUSHUEM YKAa3aHHBIX BBIIIE MPUYMH,
XapaKTepU3yeTCsl €ro MOAYJIEM @, M/CYT, IPEACTABISIIOIIMM CO0O0M pacxo], MOCTYMAOMINi Ha
CIUHUITY TUIOIAAN CBOOOIHOW mMmoBepxHOCTH. Benmwuwmba [/ MoXeT OBITH MOCTOSHHOW WITH
NEePEMEHHON BO BPEMEHH, OHA SBJISIETCS] JIOMOJHHUTENIbHBIM HaJl €CTECTBEHHBIM U BBI3bIBACT
COOTBETCTBEHHO JIONOJIHUTENBHBIN MOJBEM YPOBHSI TPYHTOBBIX BOJ, METOJbI OINPEACIICHUS €€
MIPUBENICHHI B I1. 2.4.

JlononHUTENbHOE MUTAHUE MOCTYMAET HA PA3IMYHBIX IO KOHPUTypalluy MIoUIaiKaxX, 0OJAHAKO
JUISL pacuyeTOB BBIIENAIOTCS TUIOIIAAKH MOJI0CO00pa3HOM, KPYIJIOH U MPSIMOYTOJILHOW B TIaHE
dhopM, KOMOMHHPYS KOTOPBIE MOKHO TTOJIYYHTh 00J1aCTh JIFOOOH MJIaHOBOW KOH(MUTYpAITUH.

OueHp 9acTo OHO OOYCIIOBJIEHO YTEUKaMH M3 KOMMYHHUKALUH, CPeAM KOTOPBIX CIIEAyeT
pa3nuyaTh JUHEHHBIE U KOJIbLIEBbIe (KOHTYpPHBIE) OYaru €ro noctyruieHus. [jis KoauuecTBeHHOM
OIICHKM NUTAHUS B ATUX CIy4asX HCIOIb3YETCS pacxojl, TepsAEMbI M3 KOMMYHUKAIUMWA Ha
€UHUIlY UX JUIUHBI (], MZ/CYT.

PacueTrHble 3aBUCUMOCTH JUIsl TPSIMOYTOJIBHBIX B IJIAHE 0YaroB MOJATOIUICHUSI OUY€Hb CJIOKHBI,
MO3TOMY NIPU AHAIATHUYECKMX METOJaxX IMPOTHO3a IOATOILUIEHHUS TEPPUTOPUM IIMPOKOE
pacnpocTpaHeHUE TMOJYYUS METOJl MPUBEACHHS NPSIMOYTOJBHBIX M 00Je€ CIIOXKHBIX B IIJIaHE
0YaroB MOJATOIUIEHUS U KOHTYPOB yTe€UeK K SKBUBAJICHTHBIM KPYTJIBIM HUJIH I1OJI0CO00PA3HBIM.

Ecnu nivHa npsiMOYyroibHOTO ovara moAToruieHust 2| npesbimiaer ee mupuny 2L 6osee yeM B
5 pa3, TO TMPSIMOYTOJIBHBIN OYar pacCMaTPHUBAETCs KakK M0JI0CO00pa3Hblii ¢ mmpuHon 2L. Ecnu
I/L < 5, To npsAMOYroNbHUK NPUBOAUTCS K KPYIJIOMY C IIPUBEACHHBIM PAIUyCOM [y - IO
BeIpakenuio [1, 4, 16]:

NormaCS® (NRMS10-04869) WWw.normacs.ru 20.05.2010 13:11



IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPHUAX
p = (1+1) /2. 1)
3nadyeHus KoddunueHTa [ B 3aBUCUMOCTH OT oTHOomIeHus L/| mpuBeaeHbI HUXKeE:
L/ 0,2 0,4 0,6 0,8 1
B 1,12 1,16 1,18 1,18 1,18

PACYETHI IPOTHO3A NOATOIUIEHUS TEPPUTOPUIA

2.10. TIporHosbl MOATOIUICHUS TEPPUTOPUN BKIIOYAIOT B cels pacyeTbl oOpa3oBaHUs
BEPXOBOJKM HAa HENPOHHUIAEMBIX JIMH3aX B IpE/AeNax 30HBI a’panuu, GOPMHUPOBAHUS HOBBIX
TEXHOTEHHBIX BOJOHOCHBIX TOPU3OHTOB U TIOBBIIICHHS YPOBHEH TIpPYHTOBBIX BOJX B
CymecTByromux. Hmke 3T BOIpPOCH paccMaTpUBAIOTCS B yKa3aHHOW ITOCIIEIOBATEIHLHOCTH.
OTmeruM, 4TO B HacToOsIIeH paboTe JUIIL B BeChbMa CXEMaTW4YecKOoi (opMme 3aTparuBaroTcs
BOIIPOCHI TPOTHO3a MOATOIUICHUS TEPPUTOPUI BCIEACTBHE IOANOPAa TPYHTOBBIX BOJ IPH
CTPOUTENBCTBE TUAPOTEXHUYECKHX COOPYKEHHUI U OPOIICHUS CEeIbXO03yTOHi.

OO0pa3oBaHue BepXOBOJIKH HA BOJOHENPOHMLIAeMbIX JIMH3aX B 30He a3paluu

2.11. B mpenmenax 30HBI adpaluu, KaKk MPaBUIIO, BEChbMa YacTO BCTPEYAIOTCS JUH3BI
BOJIOYIIOPHBIX TTOPOJI, HA KOTOPBIX MPOUCXOIUT CKOIJIEHHE HHPMIBTpYIOmIeics Boasl (puc. 1), ¢
oOpa3oBaHueM BepxoBOAKH. [Ipu meproauueckoM NOCTYIUIEHUH UH(UIBTPALIMOHHOTO NMUTAHUS
(dopmupyromascs Ha TAKUX JIMH3aX BEPXOBOJKA HOCUT BPEMEHHBIN XapaKkTep, a MPH TOCTOSHHON
UHOUIBTpAUN 00pa3yeTcsi TEXHOTEHHAs JIMH3a TPYHTOBBIX BOJ (TEXHOTCHHAs BEPXOBOJKA).
[TraHOBBIE pa3Mephl TEXHOTCHHOW BEPXOBOJIKH ONPEACISIFOTCS KOHTYPAMHU JIMH3BI BOJIOYTIOPHBIX
NOPO/JI, MAKCUMaJIbHAasl BHICOTA CJIOSI BOJBI 3aBUCUT OT MPOHUIIAEMOCTH MOPOJ U MHTEHCUBHOCTH
WHHUIBTpaIUy.

2.12. B cny4ae BBITSHYTBIX B IUTaHE BOJOYIOPHBIX JTUH3 (KOT/Ia MX JTHMHA Oojiee ueM B 5 pa3
NpEBbIIACT MMUPUHY) (UIBTPAMIO BOABl B IUIAHE MOXKHO CYHMTaTh Iutockoi. [Ipormecc
(dopmupoBaHus BEpXOBOAKH (puc. 1, a) onuckiBaeTcst GopmyIioit

el % -
- Zi cos (4, Xexp(— 13 fy),
i M=l .v‘s"r:u (2)
rue
. Tk
ZheZl 2
%=l f=atl% ho=FL Ve[

Bi_zﬁ'ﬂx_li_tlxﬂ EBEI'I.JBE-E_'-.H:E .
B M (Bi%+ B+ )
U - KOpHH ypaBHeHUs iy tg Lf = Bi.

Psn B popmyne (2) cXoauTces 04eHb OBICTPO M MPU pacdeTax MOXKHO OTPAHUYHUTHCS JABYMS-
TPEM YWICHAMU.

[IpenenpHOE (CTAIMOHAPHOE) TTOJIOKEHUE YPOBHS BOJIBI TEXHOTCHHON BEPXOBOIKH HAXOIUTCS
10 3aBUCUMOCTH

2
w=2r oy, [m_‘ﬂ] |
s f's (3)
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Puc. 1. Cxembl K (POPMHPOBAHMIO TEeXHOI€HHOW BEPXOBOAKH B 30HE aj’palMH Ha
HeNMPOHMIAEMbIX JIMH3AX YUIMHEHHOI (a) # OKpyTI0ii (6) B miiaHe GOpMBI.

st obneruenus pacderoB mo (opmyne (2) B npun. 1 u 2 npuBeneHsl 3HaUCHUS An U Ly
3aumcTBOBaHHbBIE U3 [20].

2.13. IlpsMoyronbHblE HJIM OKpYTJble B IUIaHE BOJOYIOPHBIE JHH3BI MpPHU pacueTax
HE0OXOMMO 3aMEHUTH KPYIJIBIMU C MPUBEACHHBIM paguycoM R (puc. 1, 6), MmeTon onpeneneHus
KOTOpOro yka3aH Bblmie. J[msi pacdera mporecca (pOpMUPOBaHUS BEPXOBOJKH HAa KPYIJIBIX B
TUTaHEe BOJOYIIOPHBIX JIMH3aX UCIOJB3yeTcs popmyria

;23_ )+[mﬂ]

_ 2ah, R"i“:& Jo (U 7Y exp( V2 £,
Eoa vl ENI, ) (4)

L _ F ak 47
=—F== == ==
3necs % R OR 3 2k

¢ Jo (X), J1 (X) - dynkuuu beccens mepBoro poaa;
Vi - KOPHH ypaBHECHUS

v J1 (V) = Bi Jo (Vn).

[TepBbIe MIECTh KOPHEH 3TOTO YpaBHEHUS MPUBEICHBI B IpuIl. 3. P B popmyie (4) cxomurcst
OYEHb OBICTPO U MIPU PACUETaX MOKHO OTPAHUUYUTHCS IBYMSI-TPEMS WICHAMH.
[IpenenpHOE (CTaMOHAPHOE) TOJOXKEHHE TEXHOTCHHOW BEPXOBOJKH pPACCUUTHIBACTCS TIO

dopmyne

2 - E( RE=riy+ a:r_R
2k 2k (5)
@opmynsl (2) u (6) mokas3bIBalOT, YTO Iporecc GOpMUPOBAHUS BEPXOBOAKH OYEHH OBICTPO
crabunmsupyercsa. MOXKHO CUUTaTh, YTO MPOJOJDKUTEIBHOCTh HECTAMOHApHOW  (a3bl
OPMIpPOBAHHS BEPXOBOJKH HE IpeBbIlIaeT Bemmaunbl t~ [(14nL2%/ 1A 1khe s yamMHEHHOM THH3BT
u tx < 4nR?/v?1kh, mutst Kpyrioit B IIaHe THH3EL B 3THX COOTHOMICHHSX L1 ¥ V1 - [IEPBBIE KOPHH
COOTBETCTBYIOIINX XapaKTEPUCTHUECKUX YpaBHEHUI. DTO JaeT OCHOBaHME YIS TOTO, YTOOBI HE
IPOBOJIUTH UCCIICIOBAHUE HECTAIIMOHAPHO (ha3bl.

®opMuUpOBaHUE TEXHOTEHHOI0 BOJOHOCHOIO FOPM30HTA B NEPBOHAYAJIbHO CYXHX I'PYHTAX

2.14. TexHOTreHHBIE BOJOHOCHBIE TOPU3OHTHI (POPMHUPYIOTCS Ha MEPBOM OT MOBEPXHOCTHU
36MJII  PETHOHAIBHOM  Bojoymope (puc. 2) TOA  BIUSHUEM  JIOMOJHHUTEIBHOTO
UHQUIBTPAMOHHOTO MUTaHus. [Ipu 3TOM Ha BOJIOYIOpE MPOMCXOAUT MOCTETIIEHHOE HAKOTIICHHE
BOJBI C 00pa30oBaHWEM YBEJIMYMBAIOIIETOCS BO BPEMEHH KyIOJla TPYHTOBBIX BOJ B 30HE
NCWCTBUSL JONOJHHUTENBHOW WHQWIbTpanuu. PacTekaHwe 3TOro Kyroyia TpPOUCXOTUT 10
BOJIOYIIOPY U 3aMeJUIET MpOIlecC MOBBIICHNUS ypoBHEN. [Ipouiecc popMUpoBaHUS TEXHOT€HHOTO
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BOJOHOCHOTO TOPU30HTA 3aBUCUT OT HHTCHCHUBHOCTH, (bOpMBI U IJIAHOBBIX pa3sMCpOB UCTOYHUKA
JIOTIOJTHUTEIFHON MH(HUIBTPAIMH, B TUIACTAX HEOTPAHHMUYEHHBIX B IIAaHE Pa3MEpPOB OH BCET/a
ABJISICTCSA HCCTAITMOHAPHBIM.

2.15. Tlpu moCTyIIeHUH TOTOJHUTEIRHON MHPUIBTPALIMKA B TIPEACNIax MOJ0CH MHUpUHON 2L
(cM. puc. 2, a) npouecc GOPMUPOBAHUS TEXHOTEHHOTO BOJOHOCHOTO TOPU30HTA OMHCHIBACTCS
dbopmynamu:

B3oHe [ (| X|<L)

=210 - 2,
1 k[ (£)—x"] ©)
B3one II (|x|>L)

1 @, -

3 k100 - L[ (£} x] @)

B stux ¢opmymnax | (t) - momBmxkHas TpaHUIA pAacTeKaHUs KyIoja, OHA HAXOAUTCS IO
bopmyie

o =Ll1+

2 £
nl
HauGonpmmii mogbseM ypoBHS BOJIBI UIMEET MECTO Ha OCH TOJIOCH HHPHIBTPAIIMH, OH PaBEH:

eft=]

2.16. IIpu mocTymIeHNH OMOJHUTEIbHON MHOUIBTPAIMN B Mpeaenax KPyriou IJIOIMIaIKN
pamuycoMm g (cM. puc. 2, 6) pacueT NOJOXEHHS YPOBHEH TPYHTOBBIX BOJ BEIETCS IO
3aBUCUMOCTSIM:

npur<ryp
2 2 _ .2
;212 - E - i - Rj(f)]ﬂ R(fj _R I:fjl a +£(r2 _ruﬂjl;
kR -n r,:, 7 ok )

Puc. 2. Cxembl K (OPMHPOBAHHIO TEXHOTC€HHOr0 BOJOHOCHOIO TOPH30HTAa Ha
PEerHOHAJILHOM BOJOYIIOpPe B IEPBOHAYAJIBHO CYXMX TIPYHTaxX IpPH HNOCTYILUICHHHU
HHPUIBTPANMH U3 HCTOYHHKA MOJI0CO00Pa3HOii (@) M Kpyr.oii (6) B miane GpopMsbl

npur >ty
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) Do 3

.3322 = E . Fa - RE(;}]H R(ﬁj _ R I:f,:l F _

P R (f,:l_.?"u F 2 (9)

OmnpepencHue MOABMKHON TpaHUIBI pacTekanus kymona R (f) mpomsBoautcst mogbopom u3
ypaBHEHUS

2o 2 24,02
RO7n o, Bin RO ook,
2 Rt —n, e

IIporHo3 ypoBeHHOr0 peKMMa TPYHTOBBIX BOJ NPH MOJOCOOOPA3HOW TONMOJHUTEIbHON
HHQUJIbTPALUHU

2.17. Tlpum MOCTYIUICHHH JOMOJHUTEIHHOW MOJIOCO00pa3HOW MHQUIBTPAIMHN TTOCTOSHHOMN
WHTECHCUBHOCTH B OJHOPOJHBIX W JBYXCJIOWHBIX IUTACTaX HEOTPAHUYCHHOW W KOHEYHOMH
MOIIIHOCTH pacyeT IMOoAbEeMa YPOBHEH TIPYHTOBBIX BOJ MPOU3BOAUTCA MO (opMynam,
npuBeeHHBIM B TaOm. 1. Jlns Oe3rpaHWYHBIX B IUIAHE BOJOHOCHBIX IUIACTOB CIIPABEIMBBI
dopmyner (10) - (16), mis momocooOpa3sHbIX B IUTaHE BOJOHOCHBIX IUTACTOB C MOCTOSHHBIMHU
Haropamu Ha rpanunax - ¢popmyisi (17) - (19), auist mactoB ¢ pa3HOPOAHBIMU TPaHHUIIAMH, T.€. h
= const ipu X = L u ohlox = 0 ipu X = 0 - popmyisr (20) - (22) [37, 43].

HeoOxomuMo  OoTMeTHTH  crleayromiee oOCTOSTENbCTBO. B IBYXCIOHHBIX — IUIAcTax
HCOTPAaHHYEHHON MOIIMHOCTH TpHU Ky >> K; HIKHHH CITOW JABYXCIOWHOTO IUTaCTa WUIPaeT poJib
KOHTYpa JpeHa)ka, 0TOMY B 3TOM ciliyyae C OOJIBIION CTENEHbI0 TOYHOCTH (OPMYILy MOXKHO
3ammcarh B BUIE

Lh=whe/kynpu | X |<LuLh=0mpu|x|>L.

Ota ¢opmyna crnpaBeiiauBa HpU JHOO0H IUIAHOBOM KOH(Hrypanuu odara JOTOJTHUTEIbHOU
UH(QUIBTPALIUH, B TOM YHCJIE KPYTOBOM.
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TEPPUTOPHUAX
Tabnuma 1

Ne
CrtpoeHue 11acTa B pa3pese Pacuernas gpopmyna hopmyn

bl

|. BOoIOHOCHBIH IJ1acT B IJIaHe - HEOTPaHUICHHBIN

M=m_r[ 4 fzfl g fg ff}
]

arctg=+arct, -
e &~ § +t’ 5,1 +1T

(10)

(11)

(12)

o
—_,— < L
& fl] i Q‘z fz]lnp“

(13)

(14)

etfi
2ofatf

EOJf I:Ij—i erfo ——— L+x -i% erfe
b 2ofa*f

(15)
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TEPPUTOPHSIX
No
CrpoeHue miacTa B pa3pese Pacuernas dpopmyia bopmyi
Bl
o>25
alh, - i)
——— 1Rt )t By, r) e 4 - Fildr,) - Fi(d
2k (16)
M=
@lh, - i)
T{Fa(ih o) ~ (A, 1) + 0 [Filds, 1) - B4, o
I1. BogoHOCHBII rOPU30HT B IIJIaHE - 10JI0CO00Pa3HBIH ¢
MOCTOSIHHBIMH HATIOPAaMH Ha TPaHUIIAX
L
2= SRR + F 00 = Fy() = B 0) = Fulm ) - n
e
R vt Ry, o)+ Rl o)]
>0l
2l 3 ) (18)
T H*’ﬁf]F[f ’f J]
ho<0l
it
b= o (B 12 B S0 = B f B0 )+ B0 )]
WL - Ly2-L- L)) mprx < I )
Z, =9I - I - x) mpr x> Ly
Ao -x)-G-FI-T mpui<x<l
e dh a=d5 | mpul, <x
2 1 .
= ML.'E—*; = ol E—*Jf'f?':x:' ’ﬁlix):{lil mpux <L (19)
hh 2 A2
I11. BomoHOCHBII TOPHU30HT B TUIAHE - TTOJIOCOOOPA3HEIH ¢
Pa3HOPOIHBIMH TPAHHUIIAMH
(20)

8= R )+ Ry ) - o)~ B )~ B ) -

e

= B U, T+ B UL T, 0+ FL O, )]
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TEPPUTOPUAX
No
CrtpoeHue miacTa B pa3pese Pacuernas popmyna ¢dopmyn

bl

B0

Zal _ - h _ - h
M_ﬂ.iknp Fll[x’ Iﬂ?sﬁg]_Fll[x:Il:? =]}

h<0l

wllr_, (21)
B = 2 - By )= By 1)+ By, 1)+ B
0.51-L) —(1-Lyyx <]y
Zl =L -I)1-T)x > L
0901 x)(1+ - 20)-(1-L;)"]
o>25

. i z_: (22)

kb, 2

[7>25
all [ 2} -
M= LI
kEM[ 2" (x)}
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Tloco6ue k CHull 2.06.15-85 IIporuo3s! MOATOIUICHUS U pacdyeT JPSHAXKHBIX CHCTEM Ha 3aCTPanBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPHIX
“smzl+bth.:xz{ [ b+thaz]:|
- |l-Expl-cE— | |d&=
Hpumeuanus: 1.Fy(abc)=1 £ b+thaz 1+bthaz
2. Ipacuku bynxuuit erf x, i2 erfc x, F; - F, mpuseenst Ha puc. 3 - 7.
3. 3navenusi pyukumii Fs - F1o npuBeaensl B TadJI. 2 - 7.

4. Tlporpamma jyisi pacyera GyHKuun Fo Ha MUKpOKanbKysIsTopax «DnekTpoHuka» tuna b-34, MK-54, MK-56
TIpUBEJICHA B MIPUIL. 4.

YcnoBHble 0O00O3HAYEHUS:

Be =ho /U B =MIL E =xIL; &io=1 0% &= X - 1
N2 = (X DLl) /L, N34 = (X DLZ) /L, r=kt/ (nL); = klt/ (nlL);
t, = knp t/ (NL); % = Kt/ [N (e - M)]; fo = at/L?; fo, = anpt/L%;

fop = apt/L?% 4 = & (2@)

e

i

3.

1

=
£

5.3
aj(; |
K

o2 008 A\
AN

ol ems \.\ -

L, M e

82 04 08 0OF i 12 14 1§ 8 i g2 zd

Puc. 3. Tpaduk dpynknuii erfe x (1) u i erfc x (2)
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TEPPUTOPHIX

F Ilfxl
0.5

0.4

0.3

0,2

i ~]

0,6 1 15 x

Puc. 4. I'padpuxk pynxkuun

Ry = by ewp(-b;" %),
H=l

ba=(2n-1) T2
': h I.h’

- § >
AN

N
0,78 =
0,5
J
0.2s
01 o036 o5 25 & 10 % S0 00 250 1000 =
Puc. 5. I'padpuxk pynxkuun
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IToco6ue k CHulII 2.06.15-85 ITporHo3bl HOATOIUICHHUS U PACUeT APEHAXKHBIX CHCTEM Ha 3aCTPAaUBAEMBbIX U 3aCTPOCHHBIX

TEPPHUTOPHUIX
Fla,b) 1%sinz dz
= 1-exp(—bz th az)] =
5 T [mal PR
Fqlanl f3 la.al
n-,lk =1
W\ o
0.5 08
N e
04 “ 0.4
\‘. - 0.3
03 b 0.2
\\ =01
s
0, = z
O 05 1 1.5 2
0.1} —
a 1] .1 1] 1.5 . 2 a5

Puc. 6. I'paduk pynkuun

NormaCS® (NRMS10-04869)

www.normacs.ru

20.05.2010 13:11



IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

Foloal
Yy 1

E

L

o7

o

02

01

o 05 2
Puc. 7. I'padpuxk pynxkuun
2 Tsin 2a4/bx b
Flabl=1- —| ——— |1 —exp| - cfx
* [ ) b -! % [ Xp[ 1+ x*
TaOaxuma 2
| "2rsinnagng
1 1
T 3nauenns Gpynkun Fg (=T 1 M exp (- nzz) mpu [/
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
0 0,069 0,094 0,102 0,101 0,093 0,08 0,063 0,043 0,022

0,05 0,05 0,076 0,086 0,086 0,081 0,07 0,055 0,038 0,019
0,1 0,038 0,062 0,072 0,074 0,07 0,061 0,049 0,034 0,017

0,25 0,019 0,033 0,042 0,046 0,041 0,04 0,033 0,023 0,012
0,5 0,007 0,014 0,018 0,021 0,021 0,019 0,016 0,011 0,006

0,75 0,003 0,006 0,007 0,009 0,01 0,009 0,008 0,005 0,003
1 0,001 0,003 0,004 0,004 0,004 0,004 0,004 0,003 0,001
2 0 0 0 0 0 0 0 0 0

Hpumevanus: L Fs(n,0=Fs (0, Fs (- n, O=-Fs (.
2.Mlpun>1,Fs(n, J=F@2- 3
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TEPPUTOPHUAX
Tabnuma 3
3HaueHust GyHKITAN
TR _ oo s nk n:cls_nﬂL |-1_ [—Hﬁﬂthmﬁj
A T fo I{J J‘J” E_{ n' th nh, [ =P h ¢
mpu h,
0,005 0,01 0,02 0,05 0,075
1 23,91 11,96 5,993 2,43 1,653
01 0,5 23,78 11,89 5,959 2,416 1,643
' 0,1 16,86 8,436 4,226 1,713 1,164
0,01 3,885 1,943 0,973 0,393 0,265
1 50,24 25,13 12,68 5,086 3,443
095 0,5 49,93 24,97 12,5 5,054 3,42
' 0,1 34,15 17,08 8,552 3,450 2,329
0,01 6,701 3,351 1,676 0,673 0,451
1 60,55 30,28 15,16 6,104 4,111
01 05 0,5 60,12 30,06 15,05 6,059 4,079
' ' 0,1 37,98 18,99 9,5 3,811 2,551
0,01 5,690 2,845 1,423 0,569 0,38
1 37,36 18,68 9,347 3,757 2,522
0.75 0,5 37,05 18,53 9,27 3,724 2,499
' 0,1 21,52 10,76 5,379 2,149 1,431
0,01 2,501 1,25 0,625 0,251 0,167
1 15,75 7,878 3,942 1,583 1,061
0.9 0,5 15,62 7,811 3,908 1,569 1,052
' 0,1 8,854 4,426 2,12 0,883 0,586
0,01 0,952 0,476 0,238 0,095 0,063
1 13,91 6,958 3,821 1,402 0,944
01 0,5 13,91 6,907 3,457 1,392 0,937
' 0,1 8,726 4,364 2,183 0,876 0,586
0,01 1,307 0,654 0,327 0,131 0,087
1 31,83 15,92 7,968 3,209 2,161
0925 0,5 31,6 15,81 7,911 3,185 2,144
' 0,1 19,97 9,985 4,995 2,003 1,341
0,01 2,991 1,496 0,748 0,299 0,2
1 45,02 22,51 11,27 4,538 3,056
0.25 05 0,5 44,69 22,35 11,19 4,505 3,023
' ' 0,1 28,24 14,12 7,063 2,833 1,897
0,01 4,231 2,115 1,058 0,423 0,282
1 31,83 15,92 7,968 3,209 2,161
075 0,5 31,6 15,81 7,911 3,185 2,144
' 0,1 19,97 9,985 4,995 2,003 1,341
0,01 2,992 1,496 0,748 0,299 0,2
1 13,91 6,958 3,821 1,402 0,944
0.9 0,5 19,81 6,907 0,457 1,392 0,937
' 0,1 8,726 4,364 2,183 0,876 0,586
0,01 1,307 0,654 0,427 1,131 0,087
1 - 4,679 -2,342 -1,176 -0,483 -0,335
01 0,5 - 4,379 -2,342 -1,176 -0,483 -0,335
' 0,1 - 4,589 - 2,296 -1,152 -0,472 - 0,326
0,01 - 1,526 - 0,763 - 0,382 - 0,153 - 0,102
05 1 - 7,96 - 3,984 -2 - 0,822 - 0,569
' 095 0,5 - 7,96 - 3,984 -2 - 0,822 - 0,569
' 0,1 - 7,807 - 3,907 -1,961 - 0,804 - 0,555
0,01 - 2,596 - 1,298 - 0,65 - 0,261 -0,175
1 0 0 0 0 0
0.5 0,1 0 0 0 0 0
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Hpumeuanue: Fg(r,0)=Fs(n); Fe(-n O =-Fs(d 3
Tabnuma 4

1 SHsinnayg

fo ): ﬂ'3 =l 1’13

3uauenust Gpyukiuu Fg (L f exp (- n* o) mpu 1
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

0 0,01425 0,024 0,02985 0,032 0,03125 0,028 0,02275 0,016 0,00825
0,001 0,01331 | 0,02375 | 0,02941 | 0,0316 | 0,03084 | 0,02786 | 0,0226 | 0,01587 | 0,0082
0,004 0,01268 | 0,02245 | 0,02835 | 0,03076 | 0,03017 | 0,02722 | 0,02215 | 0,01559 | 0,00805
0,006 0,0121 | 0,02167 | 0,02765 | 0,03018 | 0,0297 | 0,02681 | 0,02185 | 0,01539 | 0,00795
0,01 0,01116 | 0,0203 0,0263 | 0,02902 | 0,02876 0,026 0,02125 0,015 0,00776
0,012 0,01075 | 0,01966 | 0,02563 | 0,02841 | 0,02824 | 0,0256 [ 0,02095 | 0,0148 | 0,00765
0,15 0,01021 | 0,0188 | 0,02472 | 0,02767 | 0,02751 | 0,0249 0,0205 0,0145 0,0075
0,02 0,00944 | 0,01751 | 0,02321 | 0,02612 | 0,02647 0,024 0,01975 0,014 0,00725
0,025 0,06878 | 0,01637 | 0,02186 | 0,02485 | 0,0252 | 0,02292 0,019 0,0135 0,007
0,03 0,00821 | 0,01536 | 0,02061 | 0,0235 | 0,02392 | 0,02206 | 0,01826 0,013 0,00675
0,035 0,0077 | 0,01444 | 0,01945 | 0,02231 | 0,02283 | 0,02099 | 0,01752 | 0,0125 0,0065
0,04 0,00724 | 0,0136 | 0,01838 | 0,02114 | 0,0217 | 0,02016 | 0,0168 | 0,01202 | 0,00626
0,045 0,00681 | 0,01283 | 0,01739 | 0,02007 | 0,02069 | 0,01917 | 0,01612 | 0,01154 0,006

0,5 0,00644 | 0,01212 | 0,01648 | 0,01906 | 0,01968 | 0,0184 0,0154 | 0,01106 | 0,00577

0,6 0,00574 | 0,01085 | 0,01479 | 0,01719 | 0,01784 | 0,01674 | 0,01408 | 0,01013 | 0,0053
0,07 0,00515 | 0,00974 | 0,01332 | 0,01552 | 0,01616 | 0,01522 | 0,01284 | 0,00926 | 0,00485
0,08 0,00463 | 0,00877 | 0,01201 | 0,01403 | 0,01464 | 0,01323 | 0,01168 | 0,06844 | 0,00442
0,09 0,00417 | 0,00791 | 0,01084 | 0,01269 | 0,01327 | 0,01255 | 0,01862 | 0,00769 | 0,00403

0,1 0,00376 | 0,00714 [ 0,0098 | 0,01148 | 0,01202 | 0,01139 | 0,00965 | 0,00699 | 0,00367

1
Hpumeuyanue. Hpufy>0,1Fg (7 f) =  sin zn exp (7 fo).
Tabnunma 5

4 nem gt

sl [2n—1
7 expl - 5T

T T
3nauenus Gynkuuu Fig (n7) = 7 =2 (Zn-1) E ] npu 7
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

0 0,1257 | 0,183 0,232 0,271 | 0,3055 | 0,332 0,351 0,364 0,371 | 0,3725
0,05 0,092 | 0,1581 | 0,2099 | 0,2493 | 0,281 | 0,3056 | 0,3242 | 0,3368 | 0,3446 | 0,3467
0,1 0,0769 | 0,1391 | 0,1884 | 0,2275 | 0,2586 | 0,2829 | 0,3011 | 0,3144 | 0,3213 | 0,3238
0,25 0,0514 | 0,0985 | 0,1393 | 0,1735 | 0,1927 | 0,2194 | 0,2405 | 0,2523 | 0,2594 | 0,2617
0,5 0,0311 | 0,0609 | 0,0883 | 0,1127 | 0,1334 | 0,1505 | 0,1638 | 0,1733 | 0,179 | 0,1847
0,75 0,0202 | 0,0397 | 0,058 | 0,0746 | 0,0891 | 0,1013 | 0,1109 | 0,1179 | 0,1221 | 0,1235
1 0,0134 | 0,0264 | 0,0387 | 0,0499 | 0,0599 | 0,0683 | 0,075 | 0,0799 | 0,0829 | 0,0839
2 0,0027 | 0,0054 | 0,008 | 0,0103 | 0,0124 | 0,0142 | 0,056 | 0,0167 | 0,0173 | 0,0175
3 0,0006 | 0,0011 | 0,0017 | 0,0021 | 0,0026 | 0,0029 | 0,0032 | 0,0035 | 0,0036 [ 0,0036

Mpumeuanus:l Fi(n 0)=Fy (3.
2. Tpu 3nauenusx 77> 1 cipasennuo cootnomenue Fy (- 17, L = - Fyo (1, J.

Tabonuma 6
3uaueHust GyHKIUU
e T=cos MIA sin wTL T, —
L= — 1- - ihranh ||
_ _ Al fol Zl 4m?® th mmh [ EXP[ h h‘ﬂ
I X fo e e
= n-1 _
2 npu
0,005 0,01 0,02 0,05 0,075
10 22,241 11,122 5,564 2,236 15
2 22,099 11,051 5,529 2,221 1,49
0,1 0,1 1 20,572 10,288 5,147 2,068 1,387
0,5 16,512 8,257 4131 1,66 1,116
0,1 6,688 3,345 1,675 0,676 0,456
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3HaueHHs: QYHKIMN
T o8 I sin mrk e =1
i ) BGELAMN =D [1 E:Xp[ e in mmﬂ,
I x fo : =
= n-1 _
2 npu

0,005 0,01 0,02 0,05 0,075
0,01 1,156 0,578 0,288 0,114 0,075
10 18,48 9,24 4,619 1,842 1,226
2 18,348 9,174 4,586 1,828 1,217
0.25 1 16,92 8,459 4,229 1,685 1,12
’ 0,5 13,085 6,542 3,369 1,304 0,865
0,1 3,977 1,988 0,992 0,394 0,258
0,01 1,542 0,077 0,038 0,014 0,009
10 12,417 6,209 3,088 1,235 0,824
2 12,316 6,158 3,062 1,225 0,817
05 1 11,156 5,578 2,789 1,115 0,743
' 0,5 8,248 4,124 2,061 0,818 0,543
0,1 1,501 0,75 0,375 0,149 0,097

0,01 0,01 0,005 0,003 0,001 0
10 6,157 3,078 1,539 0,617 0,411
2 6,102 3,051 1,525 0,611 0,407
075 1 5,51 2,755 1,377 0,552 0,367
’ 0,5 3,947 1,973 0,986 0,394 0,262
0,1 0,426 0,213 0,106 0,042 0,028

0,01 0 0 0 0 0
10 2,463 1,231 0,616 0,247 0,164
2 2,44 1,22 0,61 0,244 0,163
0.9 1 2,198 1,099 0,549 0,22 0,147
' 0,5 1,561 0,78 0,39 0,156 0,103
0,1 0,138 0,069 0,034 0,014 0,009

0,01 0 0 0 0 0
10 52,739 26,372 13,193 5,295 3,547
2 52,393 29,199 13,106 5,26 3,524
01 1 48,657 24,331 12,171 4,884 3,271
’ 0,5 38,724 19,364 9,686 3,887 2,603
0,1 14,713 7,358 3,682 1,48 0,994
0,01 2,288 1,144 0,572 0,23 0,154
10 46,324 23,164 11,585 4,643 3,104
2 46 23,002 11,504 4,61 3,082
0.25 1 42,506 21,254 10,629 4,258 2,845
' 0,5 33,083 16,542 8,272 3,311 2,21
0,1 10,9 5,45 2,725 1,09 0,727
0,25 0,01 1,232 0,616 0,308 0,124 0,082
10 30,808 15,404 7,702 3,08 2,052
2 30,56 15,28 7,64 3,055 2,035
05 1 27,886 13,942 6,97 2,786 1,854
' 0,5 20,774 10,386 5,191 2,072 1,377
0,1 4,276 2,138 1,068 0,422 0,278
0,01 0,274 0,014 0,007 0,003 0,002
10 15,436 7,718 3,859 1,544 1,03
2 15,302 7,651 3,826 1,53 1,02
0.75 1 13,855 6,927 3,463 1,385 0,922
' 0,5 10,006 5,003 2,501 0,998 0,664
0,1 1,29 0,645 0,322 0,128 0,084

0,01 0,001 0 0 0 0
05 01 10 91,387 45,697 22,855 9,160 6,124
' ' 2 90,747 45,377 22,694 9,095 6,08
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3HaueHHs: QYHKIMN

T o8 I sin mrk e =1
i ) BGELAMN =D [1 E:Xp[ e in mmﬂ,

I x fo : =

= n-1 _
2 npu

0,005 0,01 0,02 0,05 0,075
1 83,845 41,925 20,967 8,4 5,613
0,5 65,49 32,746 16,376 6,558 4,38
0,1 21,465 10,736 5,366 2,147 1,431
0,01 2,458 1,229 0,614 0,245 0,163
10 84,732 42,369 21,191 8,494 5,68
2 84,134 42,07 21,041 8,433 5,639
0.25 1 77,678 38,841 19,425 7,783 5,202
’ 0,5 60,508 30,256 15,131 6,06 4,048
0,1 19,729 9,865 1,934 1,977 1,321
0,01 2,44 1,22 0,61 0,243 0,161
10 61,814 30,909 15,458 6,193 4,138
2 61,357 30,88 15,343 6,146 4,106
05 1 56,415 28,209 14,107 5,649 3,757
' 0,5 43,089 21,544 10,772 4,31 2,874
0,1 12,228 6,114 3,057 1,222 0,815
0,01 1,23 0,615 0,307 0,124 0,083
10 114,302 57,154 28,583 11,45 7,649
2 113,466 56,736 28,374 11,365 7,592
01 1 104,448 52,226 26,117 10,457 6,982
’ 0,5 80,466 40,234 20,118 8,05 5,37
0,1 23,851 11,926 5,962 2,384 1,588
075 0,01 2,472 1,236 0,618 0,247 0,164
' 10 107,989 53,998 27,005 10,82 7,231
2 107,208 53,607 26,809 10,741 7,177
095 1 98,772 49,388 24,698 9,682 0,606
' 0,5 76,339 38,171 19,087 7,64 5,099
0,1 23,296 11,648 5,824 2,33 1,554
0,01 2,473 1,237 0,618 0,247 0,165
10 120,976 60,491 30,252 12,118 8,097
2 120,082 60,044 30,028 12,028 8,036
0.9 01 1 110,442 55,223 27,616 11,058 7,383
’ ’ 0,5 84,803 42,402 21,202 8,485 5,66
0,1 24,253 12,126 6,062 2,423 4,614
0,01 2,466 1,233 0,616 0,246 0,164

Ipumeuanus: 1. 3nauenus ¢pynxkuum Fyy npu fy > 10, B Tom umene fy = [l coBnmamaror co 3HaueHnem

¢dyukun Fip pu fy = 10.

I % ty=Fa@-I,1-% % g,

2. I1pu 3HaYCHUAX LuX , HE TIPUBEIEHHBIX B TA0JHIIE, 3HAUEHHS F11 BEIYMCIISAIOTCS 11O COOTHOMIEHHUIO F1q (&

Taonuma 7
. odn—

g i ™ (zn-l)ffﬂ
f — P AT T TS I -0 a4
’ 3navenus yHKmu Fip (?? ,fo) = T (=D 4 npu [ 7

0,1 0,2 0,4 o5 | o6 | 07 | o8 | 09 | 1

0 |[o00475] 009 [01275| 016 | 01875 | 021 | 02275 [ 024 [ 02475 | 0,25
001 | 0439 |0,08529 |0,12263(0,15524 | 0,1825 | 0,205 | 0,2225 | 0,235 | 0,2425 | 0,245
0,02 |0,04169 | 0,08151 |0,11797|0,15018 | 0,17752 | 0,2 | 02175 | 023 | 02375 | 0,24
0,03 |0,03996 | 0,07835 |0,11385| 0,1455 | 0,17268 | 0,19505 | 0,21251 | 0,225 | 0,2325 | 0,235
0,04 |0,03848 | 0,0756 |0,11013|0,14114 | 0,16804 | 0,19016 | 0,20756 | 0,22002 | 0,22751 | 0,23
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-1
g ol —— [ (-1 g
fo _ S —

sy |
3nauenus GpyHKmu Fip (?-? ,fo) = T (- 4 npu [ 7
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

0,05 |0,03718 | 0,07312 |0,10672| 0,13705 | 0,16349 | 0,18548 | 0,20321 | 0,2169 | 0,22252 0,225
0,06 | 0,03599 | 0,07085 |0,10354] 0,13318 | 0,15912 | 0,18679 | 0,19826 | 0,21162 | 0,21761 | 0,22002
0,07 | 0,0349 | 0,06874 |0,10057]0,12962 | 0,15493 | 0,17625 | 0,19342 | 0,20646 | 0,21441 | 0,21507
0,08 | 0,03388 | 0,06677 |0,09776] 0,12603 | 0,1509 | 0,17184 | 0,18871 | 0,20143 | 0,20919 | 0,210013
0,09 | 0,0392 | 0,06491 |0,09509] 0,12269 | 0,14703 | 0,16757 | 0,18411 | 0,19652 | 0,20409 | 0,20663
0,1 |0,03201 | 0,06314 |0,09255| 0,11948 | 0,14328 | 0,16342 | 0,17962 | 0,19173 | 0,19911 | 0,2016
0,12 | 0,03032 | 0,05984 (0,08777( 0,11342 | 0,13616 | 0,15545 | 0,17097 | 0,1825 | 0,18953 | 0,19189
0,14 |0,02877 | 0,05679 (0,08334( 0,10776 | 0,12945 | 0,1479 | 0,16274 | 0,17371 | 0,1804 | 0,18265
0,16 |0,02732 | 0,05395 | 0,0792 | 0,10245 | 0,12313 | 0,14074 | 0,15491 | 0,16535 | 0,17171 | 0,17386
0,18 | 0,02587 | 0,05128 | 0,0753 | 0,09744 | 0,11714 | 0,13393 | 0,14745 | 0,15738 | 0,16345 | 0,16548
0,2 | 0,02469 | 0,04877 |0,07162] 0,09269 | 0,11146 | 0,12747 | 0,14085 | 0,14981 | 0,15558 | 0,15752

1
Esm?e&{p[ Z“J
IIpuMevyaHnue. Hpr0>02F12(77,f0)— .

Yder usmMeHeHHs JONMOJHUTEILHOH HHPWIbTPALMH BO BpEMEHHU

2.18. IlpuBenennpie B Tabna. 2 QOpMyNbl CHpPaBEAJUBBI NPU MOCTOSHHON BeIUYHHE
uHOUIbTpauu. B peanbHbIX YCIOBUSX BeJIWYMHA HMHQWIBTPAIMM BO BPEMEHU MOMKET
U3MEHATHCS, B 3TOM CIIydae pacyeThl NOBBIIMICHUS YPOBHEH HEOOXOAMMO OCYIIECTBIATH IO
METOJy CyNepIro3uluu. J{ist 3Toro HenmpepbIBHbIM BO BpEMEHH X0]1 U3MEHEHUS HHOUIbTPAUU @
(t) 3amensiercs crymeH4yatbiM (puc. 8), TpUYeM B OTACIbHBIC MPOMEXKYTKH BPEMEHHU
UH(DHUIBTPALUSA MOKET OTCYTCTBOBATH (/= 0) miu OBITH OTPULATENHLHON (MCIIAPEHUE).

W3 npuBeneHHBIX B Ta0J. 2 pelIeHnii BUAHO, YTO B OOILEM CITydae MOBBIIICHHE YPOBHS BOJIBI
MOJ1 BIUSHUEM UH(QUIBTpaLUU onpeaensercs no Gopmyiie

Lh=L7(),

rae f () - ¢yHKOMS KOOpAMHAT pacCMaTpUBAEMOW TOYKH, BPEMEHH, CTPOCHHMS IUIACTa M €ro
(HUIBTPAIIMOHHBIX MapaMeTPOB, KOHKPETHBIA BHJ KOTOPOH IUIsl Pa3IMYHBIX CXEM INPHUBEICH B
tabn. 2. CormacHO METOAY CYNEpIO3HWIUH, MPU CTYNEHYAaTOM H3MEHEHUH WHQWIBTPALUU
TIOBBIILICHUE YPOBHSI ONIPEACISETCS 110 3aBUCUMOCTH

jmpt

Ch= ; (E- Wi—l) f (t - ti—l)-

@opmyna (23) sBISETCS pacuyeTHOW MpHU TEPEeMEHHOH BO BPEMEHHM HHTEHCHBHOCTH
JIOMIOJIHUTEIBHON UH(DUIBTPALIUH.

2.19. B KkadecTBe WJUIIOCTPAIlMU PACCMOTPUM IOJOCOO0pa3HY0 HWHQUIBTPALUIO C
M3MEHSIIONIECHCS MHTEHCUBHOCTBIO TIO 3aKOHY @ = @ npu t < t1 m w = ep ipu t > t1 B
HEOIPAaHMYEHHOM B IUIaHE OJHOCIOWHOM BOJOHOCHOM TOpHU30HTE. B cooTBercTBHH C
dopmynamu (12) u (23) pacuer nmogbemMa ypoBHS TPYHTOBBIX BOJ B 3TOM CIIydae MPOU3BOAUTCS
10 3aBUCUMOCTSIM:

nput <t
2eyf - +
1 P2 e 22 - L P T2 L daz mover | x| > L
" e om

Gt [%—i2 erfc Ltx -1% erfe Lox daz mover | x| <L

P Eﬁ 2@
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oy

[I..r-' ur g

Puc. 8. 3amena HenpepbIBHOW (PYyHKUMM HM3MEHEHHUSl JONOJHHUTEIbLHONH HMHPUIbTPAIUM
CTyHeHYaToM

npu t L1ty
r2m1£ 2 =L x+ L
1° etfc ——= -1 etfc —= | +
M E-u'r.:E 2@
- - - +
L 2ley —o)(E—4) 2 EI‘EEL_H e CL dng maver | x| > L,
» 2 alt—5) 2. jalf — &)
M=
2ot l—i:4 Er'fn::—L-i-x—i:‘E:ri_'“n::—L_x +
b 2 Eu'{n:E 2*\.!'{{;
- j— + j—
GRoame)emt) ] o e DX e LT | e 5|4 L
# 2 2. jali —£)) 2. alt—4)

"

OnwucanHbIi cr1oco0 ydyera U3MEHEHHUs MHTEHCUBHOCTH MH(WIBTPALIMU BO BPEMEHH OCTaeTCs
B CHJE /I BCEX pAacCUeTHBIX CiydaeB (Kpyrjas IUIONIajKa HH()WIBTpAIUH, MOJI0COBas
UHQHUIBTPAIUS B IOJIOCOOOPA3HBIX IUIACTAX H T.J.).

Pacuersl moBbIlIeHHSI YyPOBHeH NPHU JeiiCTBUH HECKOJbKHX IMO0JIOC MHPUIbTPANUM M
HAJIMYMH NPSIMOJTHHEHHBIX IPAHHUIL IUIACTA

2.20. Ilpu moCTyIUICHWH JOTMOJHUTEILHOW WH(HUIBTpAIMU OJHOBPEMEHHO M3 HECKOJIBKUX
0o4aroB, HanmpuMep HCCKOJBbKUX IMapalJICJIbHO PACHOJOXKCHHBIX ITOJOC, PpaCcUCThbl IMOBBLINICHUS
YPOBHEW MPOU3BOATCS C UCTIOIH30BAHUEM METOJa CYIEPIIO3UINH, B COOTBETCTBUU C KOTOPBIM
CyMMapHBIﬁ IIoaABEM B HpOI/I3BOHBHOI>'I TOYKE IJIaCTa CKJIAAbIBACTCA U3 IIOABEMOB OT KaXI0T'O
ouara B oTaeiabHOCTH [37, 43].

i - Yy
7% //
%o
Xp2
>
1 | n
-] fr x
2L 2L

Puc. 9. /IByxmoJiocHasi B IIJIaHe JONOJHUTEIbHAST HHPUIbLTPALUS
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2.21. B kauecTBe mpuMepa pacCMOTPUM B3aUMOJCHCTBHE JBYX MOJOC HMH(UIBTpaLUu
mmpuHoit 2L; m 2L, B mpenenax KOTOPHIX MOCTYMAeT AONOJHUTENIbHas MHOUIbTpALUsS C
UHTCHCUBHOCTBIO @ U @, (puc. 9). BomOHOCHBI TOPU3OHT M TPOCTOTHI TNPUMEM
OJHOCJIOMHBIM U30TPOIHBIM. B 3TOM cilydae pacdeT MOBBIIICHUS! YPOBHEW OT IEUCTBUS KaxION
IOJIOCKI B OTAENBHOCTH Benerca mo ¢opmynam (12). Bocnonp30BaBIIMCH  METOJIOM
CYNEpHO3UIMK, JJs MOBBIIIECHUS YpPOBHEH TPYHTOBBIX BOJ B MPOU3BOJIBHOW Touke A (B
3aBHCHUMOCTH OT €€ MECTOMOJIOKEHHUS) MOJIydaeM CIIeAyIOIe pacueTHbIe (POPMYIIBL.

Touka A pacnonaraercs B 30oHax I, II nnu III:

Ay = 2oyt | 2 erfc'x_xml_ﬁ—iz erfclx_xﬂll_'.ﬂ
M 2'\1‘5 2‘\&
2yt - -1 - +L
oy 2 I:|J'f Xz | —igerE:'x Zpg | .
b 2& 2»\@
Touka A pacnonoxeHa B 30He IV:
+ p— p— p—
Ng=2m1.ﬁ l—izerfcﬁ | x xﬂll—igerﬁzﬁ |~ x|
n |2 2 Jat 2+fat
2oyl i erf |z~ x| -4 —i? arfi |2~z | +L _
H EWJ'IE EWJ{KE
Touka A pacnosio’xeHa B 30He V:
&32=2m1f' 2, I:|=’f_xnl|_*'5_i:4 E:rfc|=’f_f’ful|+£-
# 2’\& EW.III'EE
L Gyt l_iz erfe Lt|x—zxy|_ .2 erfe L]z~ 2|

2 2 2*\."rfE 2’\& .

2.22. Merox cynepno3ulMU NMPUMEHSETCS TaKXe NP HEOoOXOAMMOCTH ydeTa B pacuerax
MPSIMOJIMHEHHOM TpaHMIlBI IJ1acTa. B 3ToM citydae peanbHbIi odar nHQUIbTpauu (B 4aCTHOCTH,
mojioca HMH(UIBTPAIMKA) 3€pKAbHO OTPakaeTCs OTHOCUTEIBHO TPaHUIBl IJ1acTa, Ha
OTpaKeHHOM ((PUKTUBHOM) O04Yare MHTCHCUBHOCTh HHMUIBTPAIIMN MPUHUMACTCS TAKOH K€, KaK U
Ha peanbHOM ouare. OgHAKO 3HAK WH(UIBTpAlMK 3aBUCUT OT Xapaktepa rpaHulbl. Ecmu
rpaHylla IUIacTa MPEACTaBIseT KOHTYP C IOCTOSHHBIM HAmopoM, TO HHQWIbTPAlMU Ha
OTOOpaXEHHOM OdYare MPUIUCHIBACTCS 3HAK «-», & €CJIM TPaHUIla TIacTa HeTPOHUIIaeMas - 3HaK
«t+». Ilpm Hanuuumu [BYX MapayieNbHBIX TpaHUI] IIacTa OTOOpakeHHWE TPOU3BOAUTCS
OTHOCHUTEIIEHO 00€rX TpaHUI] C COXPAaHCHHEM YKa3aHHOTO BBIIIE MPaBHiia 3HaKa. B aTom cirydae
KOJIMYECTBO OTOOPA’KEHHBIX MOJIOC OKA3bIBAETCSI OECKOHEUHO OOBILNM.
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g

Puc. 10. OtoOpakeHne 1O0JIOCHI JAONMOJHUTENbHONW HWHPUIbTPAUM OTHOCHUTEJIbLHO
NPAMOJIMHEHHON rPAaHUIBbI IJ1ACTA

1 - peasnpHas nosoca MHQUILTPALUK; 2 - OTOOpaXKEHHAs! TT0JI0ca MHPMILTPALUK; 3 - IpaHUIIa [1acTa

2.23. B xawecTBe WJUIIOCTpAllMd pPACCMOTPUM TOABEM YPOBHEH TIOA  BIHUSHHEM
MoJI0c000pa3HOil MHPWIBTPAMA B TMOJYOTPAHHMYEHHOM OJHOCIOWHOM BOJOHOCHOM ILTAacTe
koHeuHOM MomrHocTH (puc. 10). BnusHue TpaHWIBl TUIacTa YYUTHIBAETCS OTOOPaKEHHOU
MI0JIOCOM, B KOTOPOM MHTEHCHMBHOCTh MH(UIBTPAILIMM paBHA P@, mpuueM P = 1, ecnu rpaHuia
HEnpoHUIaemas, 1 P = - 1, ecnu TpaHuUIa NPEACTABIAET KOHTYpP NOCTOSHHOrO Hamopa. B
JIAHHOM CiIydae ¢ yueToMm 3aBucumoct (12) pacuetnasi popMya NpUHUMAET BT

2t | | x| -L |x|+.n’_'. 2t
M= i? erfe -’ +—X
7 2udar “oda ) n
zerfcM i 2ymavl npH| x|> L;

2-Jat  2at
2|1 g o I¥Ixl L0 o Lolx|), et
n |2 E«f_ 2«\;'{_ #
2L, —x-1L 2, ELr—x
e ———— -1
2-Jat 2 far

IIporHo3 wu3MeHeHUSI YPOBHeil TPYHTOBBIX BOJ MNPH YTe4KaxX U3 BOJOHECYIIMX
KOMMYHHUKAIMA

M=

npH| x| L

2.24. ]Jlns mpoTrHO3a M3MEHEHHS YPOBHEW TPYHTOBBIX BOJI NPU PABHOMEPHBIX 110 JJIMHE
yTedKax BOJbl M3 BOJOHECYIIMX KOMMYHHMKAIIMH MOXKHO TIOJb30BATHCS 3aBUCUMOCTSIMH,
NPUBEJCHHBIMA B Ta0Jl. 2, 3aMEHUB B HUX CYMMAapHYI0 WHQWIBTPALUIO HA €AWHUILY JUTHHBI
noJjockl 2wl pacxoloM yTedek Ha eAMHULLY AJUHBI (. [l pacueToB B MPUBEACHHBIX B Tabi. 2
dopmynax crexyer cuutatb L — 0, 4To 3amMeTHO BHIOM3MEHsET 3T (hopMyibl. PacueTHble
THIPOAMHAMUYECKAE CXEMBl TpPHU yTEYKaxX BOJIbI W3 BOJOHECYIIUX KOMMYHUKallUH H
BUIOM3MEHEHHbIE pacueTHbIE (OpMYIIbI puBeAeHbI B Ta0. 8. Kak u B ciyuae nosiocoobpa3Hoi
UHQUIBTPAIUN, METOJIOM CYIMEPIIO3UIIUN OCYIIECTBISIETCS MPOTHO3 MPH M3MEHEHUH pPacxoja
yTedeKk (| BO BPEMEHH, PACCUMTHIBACTCS B3aUMOJICHCTBHE HECKOJBKHUX OYaroB YTEYEK H
YYUTBIBAIOTCS MPSIMOJIMHEWHBIC TPAHHMIIBI I1J1aCTa.

Taonuna 8
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No

CrpoeHue 1miacrta B pa3pese Pacuernas popmyna -
TP pasp opmy (bopMyIBL

ﬁ}z=%]n[1+ [%] } (24)

fja= &Eﬁ['&_‘ T EFJ.’

m, \n 7
(25)
ah=T gy ctg = h
npu ky >> kg i, 4,
k, = ky
g , X (26)
M == JQ_I ierfc ;
n, et
k, # ky
=" [ﬂ E’J .
Ak, Ly
o125
g . T 27
fh=_—_.ja*tierfc
klhc Aafex ¥t
o>25

g -
A= _F
Yy (8. 7]

cnszl+bthaz[ [ b+thaz]]
o lbel, o deie)),
Mpumeuanns: 1.F(abc)=1 2 b+thez l+bthas

[ epl- b e
Fu(ab)=s BE z

[~ 7 1
_l't:nszlﬂfz ll—exp(— bz Iﬂct.
Fis(a,b)= 1 z l+az

2. I'pacuku ¢pyHkumii ierfc X npuBenens! Ha puc. 11.
3. Ilporpammsl mis pacuera ¢yHKumi Fi3, Fig, F15 Ha Mukpokanbkymnsaropax «OnexrpoHuka» tuna b-34, MK-
54, MK-56, npuBeicHbI B IIpwiI. 5, 6 u 7.

VcnoBHBIE 0OOO3HAYEHHUS: Ec =h./x; & = MIx; o, = ‘-'khkh "f'w-'khkh ; f= oM (hc-M)/xz; 7, = Ky, t/
(ny1X); & = knpt/ (NX); fop = apt/x.
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inrfen

o8

05 \ '
oaf-\

03 - S SE——
DIp—r
n,‘ —x "y
e —
om 1 1.9 1 =

Puc. 11. I'paduk pynkumu ierfe X.

2.25. ®opmynel (24) - (27), npuBeneHHbIe B Ta0. 9, ClpaBeNIMBbI 0 MOMEHTA BpeMeHH 7,
KOT/Ia yPOBHHU TPYHTOBBIX BOJ JOCTUTHYT OTMETKH 3aJI0KEHHUS BOJOHECYIINX KOMMYHHUKAIIHH.
Ot0 Bpemsi T HaXOAMTCS O MPUBEACHHBIM B Tabn. 9 dhopmynam, cunras B HuX Ah = b u X = Iy,
rae ro - paguyc BomoBoxda. IIpu t > T Hanmop B ceuenun x = 0, TIe PACMOJIOKEH JIMHCHHBINA
UCTOYHHMK, MOXXHO CYHMTATh MOCTOSHHBIM U paBHbIM N, = he + b. [lns aToii cragum pacuers
HOoJbEMa yPOBHEH BeyTcs IO popMyIam:

B OJHOCJIOMHBIX IIacTaX KOHEYHOU MOIITHOCTH

x .
2-fat’

B JIBYXCJIOWHBIX IIaCTax Mpu o< 25

B=h, ~berf

h=h —bef 2 .
2ofar ¥

B JIBYXCJIOWHBIX IIaCTax mpu o > 25

o=k, -b|1- B — “‘—f”
X

2oyl ’
3nauenus erf X u F3 (a, b) mpusenens! Ha puc. 3 u 6.

[Iporuo3 n3mMeHeHusi ypoBHeil TPYHTOBBIX BO/ NIPH PACTeKAHUM KYNO0J0B TPYHTOBBIX BOJI

2.26. BecbMa yacTo B pe3ysbTaTe aBapUHHBIX YTEUEK BOJIBI U3 BOJOHECYIIUX KOMMYHHUKAIIHH,
BOJOIPOBOASIINX KaHAJIOB WM BOJOCOJEPKAIIMX EMKOCTEH IOBEPXHOCTb TPYHTOBBIX BOJ
NPUHUMAET KYMoJ0o0Opa3HbBId XapakTep, MPHUEM 3TH Kyrosia (HOPMUPYIOTCS CPaBHUTEIBHO
obicTpo. [Ipu nukBHanMy aBapuid, yCTPaHEHUM WM CYHIECTBEHHOM YMEHBIICHMU YTE€UYEK ITH
KYIOJla HAUMHAIOT PAaCTEKAThCS B CTOPOHBI, IPUUYEM B IIpE/IeaxX KyIloyla YPOBHU IPYHTOBBIX BOJ
CHI)KAIOTCSI, OJHAKO Ha IPUJIETAIOLIEN TEPPUTOPUU OHM MOBBILAIOTCA. B 3aBHCcMMOCTH OT
pa3MepoB KymoJia B IJIAaHE WM pa3pe3e MOJBbEM YPOBHEH Ha IPUIIETAIOIIMX Y4aCTKAaX MOXKET
JOCTUTHYTh 3HAQUMUTEIbHBIX BEIWYMH M BbI3BATH MX IMOATOIUICHHME B TEYEHHUE UIMTEIBHOTO
epuosa, IOITOMY IIPOTHO3 W3MeHEeHMs YI'B mpu pacrekaHuum KynoJioB IPEICTaBISAET
HEMaJIOBaKHBIN MHTEPEC.

2.27. B ciydae ecnM HayalbHOE BO3MYIIEHHE YPOBHEH TIPYHTOBBIX BOJ B IUIACTax
HEOTPAaHWYCHHOH MOIIHOCTH COCPEJIOTOYCHO B OKPECTHOCTH Hadaia KoopauHat (puc. 12),
HIOBBILICHUE YPOBHS IPYHTOBBIX BOJI B TPOM3BOJIBHOM TOUKE ornpezensercs Gpopmynoii [35]

Ah = KFotn? 7 (0?2 + K22);
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rac Fo - IIomaab, 3aKJIIOYCHHAasA Me)KI[y OCBhIO OX 1 HAaYaJIbHBIM IIOJIOKCHUCM BOBMyH.IGHHOﬁ
CBOOOJTHON TMOBEPXHOCTHIO. Du3nuecku Fo cOOTBETCTBYET KoMnuecTBY Bonbl Wy, TTOTaHHOW B
TCUCHHC KOpOTKOFO BpeMeHI/I B 1J1aCT qepe3 G,Z[I/IHI/II_[y JUINHBI J'II/IHGI‘/JIHOFO HCTOYHHKA, T.C. Fo =

Wo/n.

2.28. PacueTHble 3aBUCHMOCTH 10 U3MEHEHHIO YPOBHEW T'PYHTOBBIX BOJ IPH pPaCTEKaHWUU
KYyIIOJIOB, MMEIOIIMX B HAa4albHBIH MOMEHT B pa3pe3e HpsSMOYrolbHYI0 (hOpMy, IPUBEICHBI B
tabn. 9. Ot (dopMynsl crnpaBemMBBI JUISI HEOTPAaHUYEHHBIX B IUIAHE IUIACTOB. Y4Yer
NPSMOJMHEHHBIX TPAaHHII TUIACTa OCYIIECTBIISIETCS 110 METOANKE, M3JI0KEHHOH B I1. 2.22.

Puc. 12. Cxema cocpeaoTo4eHHOr0 BOJM3M TOYKH HAYAJBLHOI0 BO3MYILIEHHMSI TPYHTOBBIX

BO/JI

Tadonuna 9

Crpoenue miacra B pa3pese

Pacuernas gpopmyna

Ne
hopmyIbl

ki

A=

kN

kf

ﬂ [ﬂctg% + arcth] mpH| x|+ L

) [Mctg% - Mctg%] mpe| x| L

(29)

%[er‘f
S =

ﬁnarf'
2

L+rx

L+x—erf'

L-x
+etf —— | opw| x|< L
2*\..‘{21" 2*\.‘ af ] (30)

LY S
2'\."'-:; Eml'fc;

AR

]
_

ky # k,

(31)
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Ne
Crpoenue miacra B paspese Pacuernas popmyna (bopMyIBL
&y L+y L-x
— |etf +etf ope| x|< L
A = 4 2ada™t 2«;'.:2*?]

&y L+x x-1r
— |etf —etf mp| x> L

2 [ 2-Ja*t 24/a *f]

o>25
rﬂ - R L+x Fe,f _
g 2ot "y (i, - 1)
L- H
L, N ETH:
2 'ﬂbf e (hc - Mj -
Ah=4

a5 x-1L %

=20 . -

7| \2yfas il - M)

) [L+x oyt ] -

| 2 af 1 -i'!‘ M

IMpumeuanue. 'papux pyuxumu Fig (@, b) npusenen Ha puc. 13.

F 15 {a. 0}
16
N
. \\x
1i - \‘\ \
=00
DA
R
05 'n\ o
‘ 3= 0.1
* }

0.1 02508 1 23 8 10 26 50 100 250 500

Puc. 13. I'paduk pyHkumnu

o

Folab)= —J‘sin ax exp(—bxth ax)ﬁ

X

[IporHo3 ypoBeHHOro pe:XKMMa TPYHTOBBIX BOJ MNPHU MNOCTYIUIEHHMH AONOJHUTEIbHOM

UHGPUIBTPALUH U3 KPYIJIOH IJIOIIAAKHU

2.29. PacyeTHble 3aBHCUMOCTH IO MOJbEMY YPOBHEH I'DYHTOBBIX BOJI B HEOIPAaHWYEHHBIX B
MJIaHe IyiacTax MpH MOCTYIUICHUU JOMOJHUTEIBHOTO MUTAHUS U3 IUIOMIAIOK KPYTJIOW B IJIaHE

dbopmbl ipuBeeHb! B Tabs. 10.
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Fyg . 1)
1 T~ o ____,.--""""-_:T_
n.!. -—".-_'_.,_—l-'-'—_!r-""'-'
ll'......l-""_
0.8 71
/ 3 .
" / /“ ]
04 /'/ //
/ z -
0,2 )—~—- L — —
/ /"J - 5 =
| _-J——-—"_—‘ " =10 T
o1 D26 0% 1 2.6 B b1} 25 50 100 r
Puc. 14. I'padux pynkuun
_ y _ dx
Fl?[”"= T:' = le[xjju I:r,x:lx[l - EXP[_ fx:']?
Ta6numa 10
CrpoeHue miacTa B pa3pese Pacuernas popmyna (bole\\r/IgynLI
Bh=0Ry(r.T,) (32)
ho<cil
ar _ 33
= iy Tl ) e
ho=0
=20 R ) (39
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Ne
CrtpoeHue miacTa B paspese Pacuernas popmyna (bopMyJIbI
k, =k,
n -
A= ﬂﬂ{f,—‘,i]
kﬂp ¥
o< 25
z 35)
il = (
RS
o>25
(36)

g = w}ﬂﬂ(ﬂ Ll

it
npu nlihc_Mj <05
Rr. B0 = (2, - 058P )

npu f0b> 100 on (-F s ﬂ, fOb) = F13 (;F’ Jﬁllz}f(q' ﬂil-?:l

1 mpur <
2, =400 opur =r,

&

0 mper > r

IHpumevanus: 1. I'papux pyukiuu Fi7 (F, 7) npusenen Ha puc. 14.
2. 3navenus ¢pyHkiuu Fig - Fo; npuBenens: B Tadu. 11 - 14.

VYcnoBusie ob6o3Hauenus: F =r/rg; Ec =he/rg; M :M/ro;ﬁ:miﬂfﬂj; 7= kt/ (N1ro); 7 = Knpt/

(nro); fo=at/ rozi fob = abt/roz; fo* = a*t/roz.

v

7,
| 11—

2

ﬂ

;_.;

rm——

-
X

"J'hn X
:t 1

h'a_' L

Puc. 15. K pacyery nogbeMa ypoBHeil BOAbI IPU HAJIUYUM JABYX KPYIJIbIX B IJIAHE 04aroB

HHQUIbTPALUHU

2.30. Ilo wmeTtonmy CyMeprO3UIMKM OCYIIECTBISAETCS YYET HM3MEHCHHUsI HWHTCHCHUBHOCTH
UHOQUIBTPAU BO BPEMEHHU, OJHOBPEMEHHOE JCWCTBUE HECKOJIBKUX OYaroB MHQUIBTPALUU.
Hannare npssMOTMHEHHBIX TPAHUIL TUIACTA YYUTHIBACTCS METOIOM 3€PKAIBHBIX OTOOpaKEHUH.
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B xauectBe HWJUTIOCTAlUA UCITOJIB30BAHUS YKA3aHHBIX MCTOAOB paCCMOTPUM MMOABEM ypOBHeﬁ

TPYHTOBBIX BOJ OT JCUCTBHS IBYX KPYIJIBIX IUIOIIAAOK MHQHIBTPAIMH B HEOTPAaHHYCHHOM B
TUTaHE OJTHOCJIONHOM TutacTe (puc. 15), B KauecTBe MCXOAHOM Hcmonb3yercs Gopmymna (33).

[Ipu pelicTBUM [BYX KpYIVIBIX B IUUIaHE OYaroB MHQWIBTpAlMM pacdyeTHas Qopmyna

MMPUHHUMACT BHU/

1 _ _
A = E[mlrﬂlela':rlruﬁll) + mz’"ﬂ%ﬂs(’z:ﬁhzﬂ
(2
caf i
A=ninnR =i fn=— 0 = —g;-’";'g = (x_xi:'g + (.J’_.J’;':'g;
31ech 1 oz i=1;2.
Taomnuma 11
Ly rixt i
f Es(f,ﬁ}ﬂ”—exp[— 7 fou[—Jdm}anH '
0 3HaueHHs QYHKIMN 0o Y F
0 0,3 0,5 0,7 1 15 2 3 5
0,0182 0,325 0,32 0,306 0,275 0,048 0,001 0 0 0
0,135 0,517 0,501 0,469 0,407 0,162 0,018 0,004 0 0
0,223 0,782 0,752 0,694 0,697 0,329 0,061 0,007 0 0
0,368 0,114 1,068 0,984 0,852 0,542 0,161 0,039 0,001 0
0,607 1,502 1,442 1,334 1,171 0,81 0,324 0,117 0,01 0
1 1,929 1,859 1,734 1,545 1,138 0,558 0,263 0,048 0,001
1,649 2,384 2,306 2,168 1,962 1,519 0,865 0,489 0,142 0,006
2,718 2,854 2,772 2,626 2,407 1,94 1,232 0,790 0,315 0,037
4,482 3,388 3,252 3,101 2,874 2,39 1,644 1,156 0,574 0,121
7,389 3,828 3,741 3,586 3,354 2,86 2,09 1,57 0,908 0,291
12,183 4,32 4,232 4,075 3,84 3,341 2,555 2,014 1,298 0,554
20,086 4,814 4,725 4,567 4,33 3,832 3,036 2,482 1,73 0,888
33,115 5,317 5,227 5,068 4,83 4,327 3,524 2,963 2,188 1,279
54,598 5,814 5,724 5,565 5,326 4,812 4,002 3,439 2,651 1,7
90,017 6,312 6,229 6,062 5,823 5,305 4,498 3,927 3,13 2,152
148,41 6,812 6,721 6,561 6,322 5,802 5 4,421 3,619 2,624
244,69 7,31 7,22 7,061 6,821 6,332 5,545 4,948 4,143 3,091
403,43 7,841 7,719 7,559 7,319 6,81 6 5,42 4,608 3,575
665,14 8,309 8,219 8,059 7,819 7,309 6,498 5,841 5,120 4,081
1196,7 8,809 8,71 8,559 8,319 7,809 6,998 6,402 5,611 4,584
1808 9,295 9,219 9,059 8,819 8,309 7,502 6,944 6,114 5,059
2981 9,809 9,719 9,559 9,319 8,81 7,996 7,424 6,612 5,592
I O | I o
B0, fo) = ~BY| = |+ 4 [t - expe| - = [lmpre > 5 Bom, o) = - Bl - o}
Ilpumeuyanue. Sy o, Ju
Taoauma 12
|, Bl )= JCR, e (o e
7 rthxh
¢ 3HaueHus1 GyHKITIN 0 €
0,5 1 2,5 5 25 50 100
0,01 0,496 0,992 2,478 4,953 21,104 | 33509 | 47,988
0,025 0,496 0,992 2,471 4,768 15,195 21,181 27,557
0 0,05 0,496 0,99 2,381 4,219 10,597 13,787 17,172
0,1 0,494 0,968 2,107 3,356 6,91 8,605 10,289
0,2 0,479 0,883 1,693 2,436 4,343 5,187 6,027
0,01 05 0,992 2,489 485 18,742 29,792 4317
0,025 0,501 0,995 2385 4,361 13,552 19,146 25,464
05 0,05 0,497 0,969 2,18 3,75 9,582 12,743 15,995
0,1 0,484 0,9 1,878 2,994 6,393 8,021 9,674
0.2 0,454 0,798 1,505 2,203 4,059 4,887 5,762
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| Bulp At} [2CAN (- ctnaf, Jemp e
r € 3HaueHus1 GyHKITIN p  FHLAR
0,5 1 2,5 5 25 50 100
0,01 0,242 0,479 1,171 2,28 9,989 17,55 28,3
0,025 0,238 0,468 1,127 2,152 8,273 12,942 18,634
1 0,05 0,234 0,456 1,077 1,998 6,474 9,321 12,422
0,1 0,228 0,439 1 1,758 4,668 6,221 7,845
0,2 0,221 0,414 0,883 1,427 3,129 3,944 4,799
0,01 0 0 0 0,059 2,421 6,448 13,817
0,025 0,003 0,005 0,055 0,274 3,378 6,79 11,603
15 0,05 0,005 0,018 0,14 0,483 3,392 5,799 8,662
0,1 0,007 0,041 0,236 0,639 2,895 4,328 5,888
0,2 0,020 0,077 0,311 0,682 2,158 2,94 3,753
0,01 0 0 0 0,002 0,44 2,133 6,565
0,025 0,004 0,004 0,004 0,021 1,27 3,517 7,366
2 0,05 0,003 0,002 0,006 0,085 1,757 3,682 6,211
0,1 0,002 0,001 0,043 0,21 1,839 3,104 4,544
0,2 0,001 0,012 0,103 0,321 1,55 2,287 3,06
0,01 0 0 0 0 0 0 0
0,025 0 0 0 0 0,006 0,014 0,289
5 0,05 0 0 0 0 0,005 0,0142 0,765
0,1 0 0 0 0,001 0,073 0,384 1,092
0,2 0 0 0 0,001 0,19 0,545 1,093
Taonumoa 13
@ 1
f By (F, ﬁ’fl]b:l = J.'-'ru(-xf)'-'r1(-x{1 +1—2]|1 - E:{p[— 1—x_‘-‘}:.':":'2 ]Idxnpnﬁ
ob 3HaueHust PYHKIHH ! f A
50 [ 20 | 5 | 25 | 1 | o5 [ 02 | 01 | 005 | 0025 [ 0,01
Fo=
0,05 | 0,001 | 0,005 | 001 | 002 | 0,049 | 0,098 | 0,243 | 0,486 | 0,978 | 1,972 | 4,967
01 | 0002 | 001 | 002 | 0039 | 0097 | 0,191 | 0,472 | 0,943 | 1,9 | 3,841 | 9,701
05 | 001 | 0,049 | 0,096 | 0,185 | 0,432 | 0,808 | 1,871 | 3,589 | 6,989 | 13,742 | 33,962
1 0,02 | 0,096 | 0,184 | 0,345 | 0,755 | 1,336 | 2,894 | 5355 | 10,164 | 19,862 | 48,795
2 0,039 | 0,183 | 0,339 | 0,599 | 1,184 | 1,939 | 3,942 | 7,163 | 13,433 | 26,401 | 64,857
5 0,095 | 0,402 | 0,676 | 1,039 | 1,712 | 2,605 | 57203 | 9,508 | 18,116 | 35,335 | 86,967
10 | 0,182 | 0,658 | 0,974 | 1,306 | 1,974 | 3,006 | 6,107 | 11,258 | 21,57 | 42,188 | 104,05
25 | 0,395 | 0,998 | 1,214 | 1,478 | 2,239 | 3,494 | 7,272 | 13,561 | 26,14 | 51,309 | 126,55
50 | 0,638 | 1,12 | 1,277 | 1,561 | 2,412 | 3,849 | 8,146 | 15,277 | 29,607 | 58,229 | 144,08
100 | 0,88 | 1,155 | 1,319 | 1,634 | 2,601 | 4,201 | 9,962 | 17,032 | 36,87 | 65,149 | 161,14
1000 | 1,039 | 1,219 | 1,436 | 1,871 | 3,182 | 5735 | 11,9 | 22,766 | 44,583 | 88,073 | 218,92
F =05
0,05 | 0,001 | 0,005 | 001 | 002 | 0,049 | 0,097 | 0,242 | 0,478 | 0,954 | 0,914 | 4,816
01 | 0002 | 001 | 002 | 0039 | 0097 | 019 | 0464 | 0914 | 1,815 | 3,592 | 9,067
05 | 001 | 0,049 [ 0,096 | 0,185 | 0,429 | 0,791 | 1,769 | 3,309 | 6,333 | 12,3 [ 30,194
1 0,02 | 0,096 | 0,185 | 0,344 | 0,744 | 1,29 | 2,701 | 4,912 | 9,265 | 17,944 | 43,939
2 0,039 | 0,183 | 0,338 | 0,596 | 1,155 | 1,854 | 3,829 | 6,624 | 12,488 | 24,204 | 59,345
5 0,095 | 0,401 | 0,672 | 1,028 | 1,657 | 2,49 | 5056 | 8917 | 16,93 | 32,96 | 81,021
10 | 0,182 | 0,656 | 0,985 | 1,287 | 1,913 | 2,887 | 5951 | 10,651 | 20,353 | 39,751 | 97,958
25 | 0,396 | 0,993 | 1,199 | 1,455 | 2,175 | 3,372 | 7,11 | 12,944 | 24,904 | 48,835 | 120,35
50 | 0,638 | 1,112 | 1,262 | 1,538 | 2,348 | 3,726 | 7,983 | 14,676 | 28,365 | 55,746 | 137,86
100 | 0,879 | 1,148 | 1,303 | 1,611 | 2,536 | 4,077 | 9,798 | 16,411 | 35,627 | 62,657 | 154,91
1000 | 1,039 | 1212 | 1,421 | 1,848 | 3,117 | 5611 | 11,732 | 22,144 | 43,335 | 85,575 | 212,67
F =10
005 | 0 | 0003 | 0005 | 001 | 0025 | 0049 | 0,221 | 0,24 | 0,475 | 0,939 | 2,13

NormaCS® (NRMS10-04869)

www.normacs.ru

20.05.2010 13:11




IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

foo 3HaueHust PYHKIHH ! L+

F = = i 1 | xifu.:-
F&u("rﬁrfua:l'jju(njjﬂx 1+F 1-exp T elx ot 3
L L
0,2

50 10 5 2,5 1 0,5 0,1 0,05 0,025 0,01

0,1 0,001 | 0,005 0,01 0,02 0,049 | 0,096 | 0,236 | 0,464 | 0,911 | 1,796 | 4,438
0,5 0,005 | 0,025 | 0,048 | 0,093 0,22 0,417 | 0,969 1,86 3,627 | 7,154 | 17,73
1 0,01 0,048 | 0,092 | 0,175 | 0,392 | 0,712 | 1,598 | 3,033 | 5,885 | 11,583 | 28,64
2 0,02 0,092 | 0,172 | 0,309 | 0,638 11 2,387 | 4,493 | 8,692 | 17,08 | 42,24
5 0,048 | 0,203 | 0,347 | 0,556 | 0,999 | 1,642 | 3,508 | 6,637 | 12,865 | 25,325 | 62,67,
10 0,091 | 0,336 | 0,512 | 0,732 | 1,231 | 2,023 | 4,387 | 8,323 | 16,195 | 31,936 | 79,17
25 0,199 | 0,521 | 0,667 0,88 1,489 | 2,501 | 5,533 | 10,587 | 20,621 | 40,909 | 101,5
50 0,322 | 0,598 | 0,724 | 0,962 | 1,672 | 2,854 | 6,401 | 12,314 | 24,133 | 47,792 | 118,7
100 0,466 | 0,629 | 0,765 | 1,035 | 1,849 | 3,204 | 8,216 | 14,04 | 31,394 | 54,675 | 135,6
1000 | 0,537 | 0,694 | 0,882 | 1,271 | 2,429 | 4,737 | 10,146 | 19,769 | 39,085 | 77,576 | 193,4

F =15
0,05 0 0 0 0 0 0,0006 | 0,003 | 0,008 | 0,019 | 0,039 | 0,083
0,1 0 0 0 0 0,001 | 0,0023 | 0,012 | 0,032 | 0,075 | 0,167 | 0,419
0,5 0 0 0 0,002 | 0,013 | 0,0463 | 0,198 | 0,498 | 1,134 | 2,428 | 6,329
1 0 0 0,001 | 0,006 | 0,042 | 0,141 | 0,523 | 1,213 | 2,603 5,41 13,81
2 0 0,001 | 0,005 | 0,021 | 0,121 | 0,348 | 1,052 | 2,345 | 4,539 | 9,851 | 24,85
5 0 0,005 | 0,022 | 0,084 | 0,337 | 0,779 | 2,047 | 4,265 | 8,611 | 17,31 | 43,37
10 0 0,015 | 0,058 | 0,174 0,54 1,136 | 2,872 | 5,873 | 11,795 | 23,631 | 59,15

25 0,002 | 0,048 | 0,134 | 0,301 0,79 1,603 | 3,994 | 8,092 | 16,199 | 32,424 | 81,06
50 0,005 | 0,083 | 0,183 | 0,382 | 0,971 | 1,952 | 4,854 | 9,798 | 19,601 | 39,221 | 96,08
100 0,013 0,11 0,223 | 0,454 | 1,147 | 2,301 | 6,668 | 11,521 | 26,868 | 46,097 | 115,2
1000 | 0,035 | 0,173 | 0,345 0,69 1,725 | 3,833 | 8,591 | 17,242 | 34,533 | 68,97 | 172,6

0,1 0 0 0 0 0 0,001 | 0,004 | 0,007 | 0,012 0,02 0,031
0,5 0 0 0 0,001 | 0,007 | 0,022 | 0,079 | 0,181 0,39 0,813 | 2,089
1 0 0 0,001 | 0,004 | 0,024 | 0,073 | 0,252 | 0,573 | 1,231 | 2,555 | 6,533
2 0 0,001 | 0,003 | 0,014 | 0,074 | 0,205 0,64 1,384 | 2,878 | 5,863 | 14,821
5 0 0,004 | 0,016 0,06 0,234 | 0,545 | 1,479 | 2,852 6,14 | 12,358 | 30,858
10 0 0,016 | 0,044 | 0,132 | 0,411 | 0,872 | 2,249 | 4,541 | 9,129 | 18,295 | 45,813

25 0,001 | 0,039 | 0,108 | 0,247 | 0,652 | 1,324 | 3,337 | 6,696 | 13,408 | 26,842 | 67,109
50 0,005 | 0,069 | 0,156 | 0,326 | 0,829 | 1,669 | 4,186 | 8,381 | 16,776 | 33,554 | 83,919
100 0,011 | 0,095 | 0,196 | 0,398 | 1,005 | 2,005 | 5,042 | 10,093 | 20,187 | 40,387 | 100,95
1000 | 0,032 | 0,157 | 0,315 | 0,633 | 1,583 | 3,545 | 7,913 [ 15,804 | 31,658 | 63,22 | 158,29

0,5 0 0 0 0 0,002 | 0,005 | 0,013 | 0,022 | 0,038 | 0,068 | 0,154
1 0 0 0,001 | 0,002 | 0,008 | 0,021 | 0,058 | 0,119 0,24 0,483 | 1,211
2 0 0 0,002 | 0,007 | 0,029 | 0,074 | 0,217 | 0,462 | 0,958 | 1,952 | 4,935
5 0 0,002 | 0,009 | 0,031 | 0,117 | 0,273 | 0,752 | 1,554 | 3,152 | 6,364 | 15,981
10 0 0,008 | 0,027 | 0,078 | 0,248 | 0,532 | 1,386 | 2,806 | 5,652 | 11,332 | 28,399

25 0,001 | 0,027 | 0,075 | 0,173 | 0,463 | 0,943 | 2,386 4,79 9,595 | 19,216 | 47,554
50 0,003 | 0,052 | 0,117 | 0,247 | 0,663 | 1,275 | 3,204 | 6,415 | 17,47 | 25,69 | 64,26
100 0,008 | 0,075 | 0,156 | 0,318 | 0,805 | 1,614 | 4,045 | 8,096 | 16,194 | 32,402 | 80,986
1000 | 0,027 | 0,135 | 0,275 | 0,552 1,38 3,14 6,902 | 13,78 | 27,61 | 55,122 | 138,04

Fo=

0 0 0 0,01 0,002 | 0,005 0,01 0,022 0,04 0,074 | 0,145 | 0,017
0 0 0,001 | 0,003 0,01 0,031 | 0,068 | 0,182 | 0,373 | 0,757 | 1,524 | 3,828
0 0 0,004 | 0,011 0,03 0,093 | 0,202 | 0,531 | 1,076 | 2,176 | 4,356 | 10,955
5 0,001 | 0,013 | 0,039 | 0,091 | 0,248 | 0,511 | 1,296 | 2,607 | 5,221 | 10,468 | 26,191

10 0,002 | 0,031 | 0,072 | 0,154 | 0,397 | 0,805 | 2,024 | 4,053 8,12 | 16,238 | 40,631
100 0,006 | 0,051 | 0,108 | 0,219 | 0,559 | 1,125 | 2,817 | 5,641 | 11,281 | 22,576 | 56,029
1000 | 0,022 | 0,112 | 0,225 0,45 1,125 | 2,252 5,63 | 11,258 | 22,521 | 45,032 | 112,6
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| 1 opur <l
R 8 A= g Rl B 2 = A Bg0s 7
Hpumeuyanwue. lpu fy, > 100 0 rzl
Taoauma 14
m T
Fualr. )= [ 7,11, ()22 g
. 3 ! 1+ gx
HaueHusl QYHKIHUH
0 0,5 0,99 1 1,01 1,5 2 3 5
0,01 | +0,0178 | +0,5087 | + 47,878 | +2,5092 | -42,882 | -0,2639 | -0,0022 0 0
0,025 | +0,2752 | +1,3365 | + 20,427 | +1,5983 | -17,236 | - 0,6424 | -0,0244 | -0,0001 0
0,05 | +0,6452 | +1,7627 | + 10,734 | +1,1436 | -8,4474 | -0,7789 | -0,0722 | - 0,0007 0
0,1 +1,042 | +1,8102 | +5,6888 | +0,8303 | -4,0284 | -0,708 | -0,1267 | - 0,0046 0
0,2 +1,1528 | +1,5406 | +3,0622 | +0,6094 | -1,8428 | -0,5115 | -0,1458 | -0,0129 | -0,0001
0,5 +0,8888 | +1,0031 | +1,3814 | +0,3917 | -0,5978 | -0,2496 | -0,1077 | -0,0215 | -0,001
1 +0,6019 | +0,6402 | +0,7591 | +0,262 | -0,2347 | -0,1209 | -0,643 -0,196 | -0,0021
2,5 +0,3064 | +0,3143 | +0,3375 | +0,1381 | -0,0613 | -0,0381 | -0,0245 | -0,0109 | -0,0024
5 +0,1707 | +0,1725 | +0,179 | +0,0791 | -0,0207 | -0,0141 | -0,0101 | -0,0054 | -0,0018
10 +0,0909 | +0,0916 | +0,0933 | +0,0433 | -0,0067 | -0,0049 | -0,0037 | -0,0023 | -0,001
50 +0,0195 | +0,0195 | +0,0196 | +0,0096 | -0,0004 | -0,0003 | -0,0003 | -0,0002 | -0,0001
100 | +0,0099 | +0,0099 | +0,0099 | +0,0049 [ -0,0001 | -0,0001 -0 0

IIporuo3 nmoaToON/IeHNs TEPPUTOPHUII NMPH MOCTYIJIEHHH JONOJHUTENIbHON MHPUIbTPAUMN
B Npejiesiax KoJIbLEeBOH 30HbI

2.31. Yacto pomonmHuTEIbHASS WHOUIBTPAIMS MOCTYMAeT B TPYHT IO KOHTYPY HEKOTOPOM
30Hbl. ClOoa MOXXHO OTHECTH, HANpUMEp, YTEUYKH W3 KOHTYPHBIX CHUCTEM BOJOHECYILUX
KOMMYHHKAIMHA ¥ T.1. [|JIs1 MPOrHO3a MOATOIUICHHSI TEPPUTOPUH B TaHHOM CiIydae HEOOXOIUMO
3HATh MOJIHBIA pacxonx Boabl Q, duibTpyromeiics U3 KojbleBoil 30Hb B TpyHT (puc. 16). On
MOYET OBITh OTPEICIICH 10 JAHHBIM 00 yTeUKaxX Ha €MHHILY JUTHHBI, KOTOPBIC PACIIPEIENISIOTCS
PaBHOMEPHO I10 BCEMY MEPUMETPY OKPYXKHOCTH panuyca Ro.

B ogHOCTOITHOM BOJIOHOCHOM IJIACT€ KOHEYHON MOIIHOCTH (CM. puc. 16) moBbIIeHHE YPOBHS
TPYHTOBBIX BOJI NPH MOCTYIJICHUH KOJBIIEBOTO JTOTIOJIHUTEFHOTO MUTAHUSI PACCUUTHIBACTCS IO

bopmyie

& _ _ i
Rkt ——— (P o F=riRn i = —
475ch, I (37)

3navenus ¢pyukuuu Fop (7, fo) mpuBenens B Tad. 15.

B nByxcnoliHOM miacTeé KOHEYHOW MOIIHOCTH IIPU O < 25 MOXKHO IIOJIb30BaThCS 3TOH K€
dbopmyoit myrem 3amMeHBI B He# h; Ha h' npu o > 25 pacdetHas ¢GopMmysa MOXKET OBITH
3anucaHa TOJbKO B BUJE BECbMa CJIOKHOTO HECOOCTBEHHOI'O MHTErpalia, O3TOMY 3TOT Cllydai
OITyCKaeTCsl.
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Puc. 16. IlocTtynienne 10noTHATEIbHOH HHGUIBTPALIMM B NPeesiax KOJIbIeBOH 30HbI

a - aH, 6 - pa3pes

Taonumoa 15
& 1+78 ) 7 \ax
f Int Full2 S0 7 Iexp[_ ax ]"r“[ﬂ e
0 0 3HaueHUs QYHKIHH 0
0 0,4 0,8 1 15 2 3 5
0,082 -25 0,012 0,041 0,184 0,326 0,035 0,001 0 0
0,135 -2 0,061 0,107 0,28 0,42 0,077 0,008 0 0
0,223 -15 0,18 0,231 0,411 0,545 0,147 0,028 0 0
0,368 -1 0,389 0,442 0,59 0,711 0,251 0,075 0,005 0
0,607 -0,5 0,682 0,786 0,849 0,936 0,401 0,161 0,018 0
1 0 1,044 1,075 1,165 1,28 0,614 0,802 0,062 0,001
1,649 0,5 1,456 1,477 1,537 1,582 0,917 0,529 0,156 0,009
2,718 1 1,899 1,913 1,953 1,982 1,269 0,822 0,334 0,04
4,482 1,5 2,364 2,373 2,397 2,416 1,659 1,188 0,59 0,13
7,389 2 2,844 2,848 2,864 2,875 2,105 1,584 0,92 0,328
12,183 2,5 3,331 3,333 3,343 3,35 2,563 2,023 1,306 0,556
20,086 3 3,826 3,829 3,83 3,834 3,039 2,484 1,735 0,888
33,115 3,5 4,313 4,318 4,334 4,334 3,523 2,96 2,186 1,277
54,598 4 4,809 4,815 4,817 4,818 4,013 3,467 2,657 1,706
90,017 45 5,304 5,313 5,314 5,315 4,507 3,937 3,14 2,161
148,413 5 5,802 5,812 5,812 5,813 5,004 4,482 3,629 2,634
244,692 55 6,312 6,312 6,312 6,312 5,502 4,93 4,124 3,117
403,429 6 6,81 6,81 8,81 6,811 5,007 5,427 4,619 3,607
655,142 6,5 7,31 7,31 7,31 7,31 6 5,925 5,116 4,107
1096,69 7 7,809 7,809 7,81 7,81 6,999 6,424 5,614 4,596
1808,04 7,5 8,309 8,309 8,309 8,309 7,499 6,924 6,113 5,094
2980,96 8 8,81 8,81 8,81 8,81 8,81 7,423 6,613 5,593

IIporHo3 uM3MeHeHHUs] YPOBHeH NMPH PACTEKAHHM KYIOJOB TIPYHTOBBIX BOJ KPYIJbIX B
njiaHe popm

2.32. Ilpu ucciaenoBaHUU Tpolecca pacTeKaHUs KYIOJIOB TPYHTOBBIX BOJ KPYIJIBIX B IJIaHE
dopM ciemyer pa3nuyaTh ABa CIydas - MPSMOYTOIbHBIE B pa3pe3e U KPUBOJIMHEHHBIE B pazpese
KyToJa.

[IpssimoyToBHBEIE B pa3pe3e Kynoja XapaKTepHbl B OCHOBHOM Ul aHU30TPOIHBIX TPYHTOB U
JUIS TIJIACTOB JIBYXCJIOHHOTO CTpOeHHA. B peanbHBIX YCIOBUSAX B paspe3e ¢opma Kyroja yqarie
BCEro KpuBOJMHEWHas (Tabm. 16). AHaiM3 MHOTOYHMCICHHOTO (DaKTHYECKOTO MaTepuasa
MIOKa3bIBAET, YTO 3T KYITOJIA BIIOJHE YJOBJIECTBOPUTEIHHO MOTYT OBITh OITUCAHbI YpaBHEHHEM

S (r, 0) = Sp exp (- ar’).
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TEPPUTOPHUAX
Faaff , to}
1
|- &= 0.3
u'.‘ :"..’_pl" n,ﬂ!
| Q.05
0.8
012
0.6 — e
0%
0.4 ﬁ\}\\‘
S
0.2 F—— =]
fo =2
hﬂ*%
0 _ \\, _
DA 1 13 R 15 3
Puc. 17. I'paduk pyHkumnu
_ _ y = 2
F(F, ) = JJ1[X)J0 [rx)exp(— x 1y }z’x
Tabonuma 16
CtpoeHue 1acTa B pa3pese Pacuernas popmyna Ne
(hopMyIBI
1. Kymona mpsMOyTOIBHBIX B paspese hopm
ko=k, (38)
bh=5F .00
k=l
an =50E+[F,£,E—‘J tsuﬂ{r,f— :
¥or
o< 25
R (39)
; E%ﬁ@é A= 5,Fy (F. )
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CrpoeHue 1miacTa B pazpese Pacuernas popmyna Ne
Tp pasp pMy. bopmyEI
o>25
bfa= 5y5(7, 8, Joa)
I1. Kynona xpuBoiIMHEWHBIX B pa3zpese GopM
o (40)
40
I
A = al expl| - il
l+g 1+ g ]
B #k
A = 5 Iexp Y —mth'm‘ VAL )
I des ny ¥
<25
7Y
A = & exp[— or (41)
l+14 1+ 5|
o>25
M:_ﬂjxp_L kit v Fn ! u(&r)bdv -
ey dee 1+l - D
ocQd
' -
Ah=5 exp| —ar® - h
i, — M

Fylab,c)= J-'-‘irl (21, (ax)enp(-cx th bxldx

IMIpumeganwnsa: 1. L

I £x
Eola.bel= |1 lx T ax B
A
2. I'paduk dpyukuuu Fo3(a, b) npusenen Ha puc. 17.
3. Ilporpamma mist pacuera GyHKuuid Fpy v Fos Ha MUKPOKaIBKYIATOpPax «IJICKTpOoHHKa» Tuma b-34, MK-56,
MK-54 npusenena B mpuit. 8 u 9.

Venosnsie obosmagenusn: T =7 i A = he/ro; 3 = M/ry; R, =R B= E(Er_ﬂj; fo = atirg’; fo’
= a*t/roz; fOZ = kzhct/ (nroz); f()b = abt/roz; = kzt/ (nro); = 4khcat/n, = 4k1hc*at/n1.

[TocTosiHHas « onpenensieTcs Ucxoasd U3 GaKTHUECKOro OuepTaHus KyIoJja B pa3pese.
PacueTHble 3aBUCIMOCTH 10 U3MEHEHHIO YPOBHEW I'PYHTOBBIX BOJ MPUBEICHBI B Ta0I. 16.

IIporuo3 noaTon/ieHusi TEPPUTOPHUIA B pe3yJibTaTe NMOANOPA IPYHTOBBIX BOJ MPHU CO3IAHUHN
BOJOXPAHUJIMIIL

2.33. CoopyxeHrue BOJOXPAHWIHII BBI3BIBACT TOMANOP TPYHTOBBIX BOJ, KOTOPBII
o0yciaBIMBAaeT BO MHOTHX CIy4asX IOATOIUIEHHE NPUIETAIOIIUX TEPPUTOpUil, 0COOEHHO
npubpexHpIX. [lpu OONBIION BeNIWYMHE TOJbEMa YPOBHS BOJBI B BOJOXPAHMIIHILE TTOATIOP
pacrpocTpaHsieTcss Ha MHOTHE KWJIOMETPBl B CTOpPOHY Oepera. B aTuX ciydasx TeXHOTEHHOE
NUTaHWE TPYHTOBBIX BOJ HAKJIAIbIBACTCS HA IMOMAINEPTHIA yPOBEHb, HHTCHCUDUIMPYS TPOIIECC
NOATOIUIEHUSI. MeTo/bl (GUIbTPAllMOHHBIX PACYETOB MOANOPA IPYHTOBBIX BOJI IIPH COOPYKEHUH
BOJIOXpAHWIHI (QaHAJTUTHYECKHE, MOACITUPOBAHHWE, YHCICHHBIE) pa3pabOTaHbl JIOCTATOYHO
HOI[pOGHO AJIg Pa3JIMYHBIX TUAPOTrCOJIOTHUYCCKUX YCJIOBI/Iﬁ " OCTAJIbHO U3JIOKCHLI B JIMTCPATYPC
[2, 9, 23]. DT0 0CBOOOXTAET aBTOPOB OT HEOOXOIMMOCTH JACTAIBHOIO paCCMOTpEHHS HX. B TO
JKC BpCMs CICAYCT OTMCTUTD, YTO 6OJ'IBLHI/IHCTBO PABHUHHBIX PCK K HACTOAIICMY BPCMCHU YIKC
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3aperyiupoBaHbl U TMOAMOP OT BOAOXPAHWJIMIN HAa HUX cra0mwmmsupoBaics. [loaTtomy Hike
OTPaHUYHMMCSl PACCMOTPEHUEM TOJBKO TPEX PACUETHBIX CXEM IOANOpa TPYHTOBBIX BOJ IPH
MIHOBCHHOM IMOABECME YPOBHS B BOJOXPAHUINIIC HA BEJIIUNYNHY SH.

C pacdeTHOW TOYKH 3peHHs HanboJiee XapaKTEepHBI TPU CIydasi OJIOpa TPYHTOBBIX BOJ - B
HOHy6eCKOHe‘IHOM MacCCHBEC, B IpCaciax peqHOﬁ AOJIMHBI 1 MCXKIYPCUHOM MACCHBC.

2.34. Tloamop rpyHTOBBIX BOJ B TOJYOECKOHEYHOM MaccHBe. PacueTHas cxema mpecTaBieHa
Ha pwuc. 1_8 HpI/IHI/IMaeTC}I, YTO Ha JO0CTAaTOYHO 6OJ'II>H_IOM YAAJICHUU OT BOJOXpaHWJIWIIA
OBITOBOM pAacxoJ eCTECTBEHHOTO IIOTOKa (] OcCTaeTcs HEWM3MEHHBIM. [lolo)keHue YpOBHS
TPYHTOBBIX BOA B HpOI/IBBOHBHBII\/'I MOMCHT BpPCMCHU IIOCJIC NOABEMA B BOJOXPAHWIMIIC
paccuuThIBaeTCs 1o opmyiie

X

g
B=h +—x+a |1-erf .
Sy ol (42)

3naveHus ¢pyHkuuu erf Z mpuBeneHs! Ha puc. 3.

Puc. 18. Iloanmop rpyHTOBBIX BO/J B OJY0€CKOHEYHOM MaCCHUBE

1 - 3epkasio rpyHTOBBIX BOJ JI0 MOMNOPA; 2 - MOJ0KEHHE YPOBHEH IIPH HOAOPE

2.35. [Tognop rpyHTOBBIX BOJ B Mpeneiax peyHou JoJNuHBL PacdeTHas cxema mpejicraBieHa
Ha puc. 19. B mpenenax pe4HoON TOIMHBI, OTPAHUYECHHON ¢ OJTHON CTOPOHBI KOPEHHBIM Oeperom,
a ¢ Jpyrod - ype3oM BOJbl, IUTAHUE TPYHTOBBIX BOJ IPOUCXOAUT, B OCHOBHOM, 3a CUET
uHQuiIbTpanuu. IlogoxeHne ypoBHs IpyHTOBBIX BOJ B MPOU3BOJIbHBI MOMEHT BPEMEHHU IOCIIE
NObEMa B BOJOXPAHMIIUIIIE PACCUUTHIBACTCS 10 PopMyIie

h =ho + (wLxlkhe) (1 - £) + S, [1 - Fas (X, fo)], (43)
e ¥ =x/L; fo = khet/nL2.

I'paduk dynaxmmu Fog (X, fo) mpusenen Ha puc. 20.

2.36. [Toamop rpyHTOBBIX BOJ B MEKIypeUYHOM MaccuBe. PacueTHasi cxema mpecraBiieHa Ha
puc. 21. IlpuHuMaeTcsi, 4TO ypOBEHb BOJABI MO TPABOM TpPaHUIE OCTACTCS HEU3MECHHBIM.
[TonoxeHrne ypoBHS TPYHTOBBIX BOJA B TMPOU3BOJILHBII MOMEHT BPEMEHH IMOCJE IMOIbeMa B
BOJIOXPAHMWIIMIIE PACCUUTHIBACTCS 11O POpMYIIe

h=hg+ (he- ho) XL + Sy [1 - X - For (X, fo)], (44)
rae £ =x/L; fo = kht/nL2.

I'paduk dyaximu Fo7 (X, fo) mpusenen Ha puc. 22.

13 npuBenaeHHBIX (OpMys mpu t —> o0 MOMyYaroTCss 3aBHCHMOCTH IS YCTAHOBHBIIETOCS
IIOAIIOpa TPYHTOBBIX BOJ.

PacueT MOATOIUICHHSI TEPPUTOPHI ITOJ] BIUSHAEM IOJIIOpa M TEXHOTEHHOW MHQHUIBTPAIIMN
MMPOU3BOAUTCA IO IMPUBCACHHBIM B AAHHOM Ppa3aciic U pPaHEC (bOpMyHaM C HCIIOJIb30BaAHHUEM
METO/Ia CYTIEPITO3HITHH.
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Puc. 19. Iloanop rpyHTOBBIX BOJ B 10JIMHAX PeK

L e

N [N
<
AL RN

SO T

06 J ) /.f N7 d P
] —
f / /[{/1; ﬁ?,,-— -t -
{1/ AN XV et
., Vi 844 A b A
04 f /,f
- 7Y | 7
111 0ivan -
NI X |- AT
L / 17 /—r I'.m__,_...---"""
i
™ AL - =
> |~ L
" el =
% | A—T fom18. .t
, ! [ |
0.2 04 0.6 08 1 ®
Puc. 20. I'paduk pyHkumnu
P, ) = %Zé”l cos 2 a1~ EJXexp[— e n}fu]
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0.4
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a7
o %=h =04
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A A
7
éf

-]
3
>
=
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X

Puc. 22. I'paduk pyHkumnu

_ 2 o I:_-l:l?‘!

Pl ) = —Z

Himl

ONPEJIEJEHME BEJIWYUHBbI JOINMOJHUTEJBHOI'O UHOUJIBTPAIIMOHHOI'O
INNTAHUA

st AITC exp(—njﬂ'zfn)

2.37. OCHOBHOW BEIHYMHOW, OIpPENENSAIONIe JOCTOBEPHOCTh M TOYHOCTH IPOTHO30B,
ABJISIETCS MTHTEHCUBHOCTD JIOMOJHUTEIbHON HHPUIbTpauU @. J10cTaTOUYHO HAJIE)KHO OHA MOYKET
OBITH ONpezesieHa JIMIIb HA OCHOBE PEXHMMHBIX HAONIOIEHHUHA 32 ypOBHEM T'PYHTOBBIX BOJ Ha
3aCTPOEHHON TEpPpUTOPUU MyTEeM peleHUs oOpaTHhIX 3anad. [Ipu OTCYTCTBUU pPEKUMHBIX
HaOJII01eHUI MCTIONB3YIOTCS METOBI OATAHCOBBIX PACYETOB U aHAJIOTUM, IPU STOM 3HAYCHUS @
OyayT HOCUTB O0JIee OPHEHTUPOBOYHBIN XapaKTep.

Omnpenesnenne BeJIUYHHbI ONMOJHHUTEIbHOH HHPUIBTPAIUM 1O JAHHBIM PEKUMHBIX
Ha0II0NeHUIA
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2.38. [1o maHHBIM PEKUMHBIX HAOIIOCHUN 32 N3MEHEHUEM YPOBHS TPYHTOBBIX BOJI BEJIMUMHA
JOTIOTHUTEIHHOW MHOUIBTPALIUU MOXKET OBITh OIMpeeleHa ¢ UCIOJIb30BaHUEM aHAIUTUYECKUX
pacueroB win MoaenupoBaHus Ha ABM unu OBM. Huxke paccMarpuBaeTcsl aHAIUTHUECKHM
METO/]I KaKk HanboJiee MpOCTOM U TOCTYIHBIN IS HIMPOKOTO Kpyra CrelnaIicTOB.

Jns ompeneneHus BEIMUYMHBI 0 WCHOJNB3YIOTCS PACUETHBIE 3aBHCHMOCTH, IPUBEJCHHBIC B
Tabn. 2, 9, 11, omHako Mpu ATOM MPUXOJUTCS CTATKHUBATHCA CO 3HAYUTEIHHBIMHU TPYAHOCTSIMH,
CBSI3aHHBIMH,  BO-TIEPBBIX, C  HEONPEIEICHHOCTHIO  Hayaja MOMEHTAa  MOCTYIUICHHUS
JOTIOTHUTEILHOTO MMUTAHUS, BO-BTOPBIX, C TEM, YTO BO MHOTHX CJy4asx IiaHoBas (opma oyara
NUTaHUS Heu3BecTHA. HensBecTeH Takke 3aKOH U3MEHEHUS JIOMOIHUTEIbHOW HHPUIBTPALUU BO
Bpemenu. [loaToMy mosmydaemble 3HaUeHUSI @ OyAyT XapaKTepHU30BaTh OCPEIHEHHYIO 32 BpeMs
HAOIIO/IEHUH €€ BeTUIHHY.

OTMeueHHbIe TPYIHOCTH BBIHYKIAIOT MPUOEraTh MpH pacyeTax K METOy MOCIe0BaTEIbHBIX
npUOIINKESHUH.

2.39. Ha 3acTpOCHHBIX TEPPUTOPHSIX TIOJOKEHHE YPOBHS TPYHTOBBIX BOJ HOCHT
KYIOJIOOOpa3HbIi XapakTep, MPUYEM B IJIaHE 3TH KYIOJa B OJTHUX CIIydasX UMEIOT YAJUHECHHBIE,
B JPYTUX - OKPYIJIbIE, B TPEThUX - OoJee cioxkHble popmbl. [lepBbie XapakTepHble A yTeueK
BOJIbI M3 KOMMYHHKAIIMHA U MOJIOCOOOPA3HBIX 04aroB MH(MUIBTPALMU, BTOPBIE - ATl OKPYIJIBIX
WM IPSIMOYTOJIBHBIX OYaros.

XapakTep MOBEPXHOCTH I'PYHTOBBIX BOJ MOKET OBITh YCTAHOBJICH MPHU HAIMYUU T'yCTOU CETH
HaAOJI0IaTENIbHBIX CKBaXXUH. HO B 3TOM cilydae BelMYMHA JOMOJHUTEIBHOW MHQUIBTPALUUA @
MOKET OBITh ONpEeleleHa B PAa3JIMYHBIX TOYKAX C HCIIOJIB30BAHMEM YpPaBHEHUH JBHKEHUS
TPYHTOBBIX BOJ B KOHEUHBIX PAa3HOCTSX. Takoi MeTox ompeneneHusl @ J0CTaTOYHO MOIPOOHO
onmucal B uteparype [43, 50] u He Hy)KIaeTcsl B U3JI0KEHUH.

K coxanenuio, Ha 3aCTPOCHHBIX TEPPUTOPHSIX TyCTas CeTh HAOIIOAATENbHBIX CKBaXKUH,
pPacroOJIOKEHHBIX OTHOCHUTEIBHO PaBHOMEPHO, OTCYTCTByeT. IllosTtomy nmisi ompeneneHus
UHQUIBTPALUN IPUXOIUTCS UCIOIb30BATh U3MEPEHHS YPOBHS IPYHTOBBIX BOJ 110 OAMHOYHBIM
HaOJI0IaTEIbHBIM CKBaXMHAM UM HEOOJIBIION IPyIIIe UX, PACHOI0KEHHBIX TPOU3BOIBHO.

2.40. Ilpu aHanu3e pe3ysbTaTOB PEKUMHBIX HAOMIONEHUH B MEPBYIO o4Yepeab HEOOXOIUMO
OTIpeAeNUTh, XOTSI Obl OPUEHTUPOBOYHO, IJIAHOBBIN XapaKTep oyara JOMOIHUTEIbHOTO MUTAHHUS.
Bo MHOrmx cnyyasx IUTaHOBBIE OYEpTaHUs 0OYAaroB WHMUIBTPAUU MOTYT OBITh HAMEUEHBI
JIOCTaTOYHO YETKO (C Y4eTOM KPUBU3HBI CBOOOHOI OBEPXHOCTH, KOTOPasi MaKCUMallbHa BJIOJIb
BHEIIHEH rpaHuipl ovara). HeOomnpline NOrpemIHOCTH B ONpPEACNCHHM HUX KOHTYPOB HE
OKa3bIBAIOT OLYTUMOI'O BIUSHUS Ha KOHEUHBIH pe3ynbTaT. [loaToMy clieyeT uCXOauTh U3 TOTO,
YTO B pe3yJbTaTe PEKUMHBIX HAONIOJCHHI KOHTYPHI 0YaroB JOMOJHHUTEIbHON MHYHUIbTPAILIIH
(TUTOTITATHBIX,, TIOJIOCOOOPA3HBIX WIIA JIMHEWHO BBITSHYTHIX ) BBISBISIOTCSI. DTO 00CTOSATEIHCTBO U
JlaeT BO3MOXHOCTh PEIIUTh OOpaTHBIE 3a/1a4H, T.€. OIPEACIHUTD .

Onpeneﬂeﬂne HHTCHCUBHOCTH YTC€4Y€K BOAbI U3 JMHEeNHOo BBITHHYTBIX KOMMYHI/IKaIIHﬁ

2.41. J1ns onpeieieHus MHTEHCUBHOCTH YT€UEK M3 KOMMYHUKAITMN HA €AUHUITY UTUHBI (] (CM.
Tabn. 9) Mo MaHHBIM PEKUMHBIX HAONIOIEHUH B Cllydae OJHOCIOWHBIX IJIACTOB HMCIIONB3yeTCs
dbopmyna (26), koTopyro yaoOHee 3anucaTh B BUJIE

_gx _ 1 . at
h—h == [f ietfft ——. f,. = —
ik,

NP x (45)

Jns pacuera ( mo 3Toi QopMmylie HEOOXOOUMO pacroyiararb He MeEHee, 4YeM JBYMs
OJTHOBPEMEHHBIMH M3MEPEHHUSMHU YPOBHSI BOJIBI B ABYX TOYKAaX WMJIM 3HAYCHUSIMH YPOBHS BOJBI B
OI[HOﬁ TOYKC HC MCHCC UCM Ha IBA MOMCHTA BPCMCHHU.

2.42. Tlycte uMeroTcs 1Be HaOI01aTeIbHbIE CKBAKUHBI, PACIIONOKEHHBIE Ha PACCTOSHUAX X
U [X, monoxkeHne ypoBHEW TPYHTOBBIX BOJ B ATHUX CKBOKMHAX B MOMEHT HU3MEPCHUS PABHO
COOTBETCTBEHHO Ny M hp mepBOHaYaIbHAST MOIIHOCTH TPYHTOBBIX BOx Ne. Torma, mpumenss
dbopmyny (45), MOKHO 3amucaTh
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By —he et & . &= 1
Fzﬁx—ﬂzf erfc A& EN (46)
[To sToit dopmyrne, 3Has 77710 PaKTHUECKUM 3amepaM, MOoJO00POM HAaXOJUM HEH3BECTHOE
6e3pasmeproe Bpems foy, a 3aTem mo Gopmyte (45) - HHTCHCUBHOCTD yTEUEK (.
Onpenencuue fox mo hopmyne (46) ocymecTBisercs cienyronmm odpasoM. [lo u3BecTHOM
BEJIMYMHE [, 3a/1aBasICh Pa3InIHBIMU fox, CTPOUTCS QYHKIIHS

1 (fox) = ierfc & fierfc p&.

3aTeM Ha OCH OpAMHAT OTKIAJbIBACTCS M3BECTHAs BEIUYMHA )3 M HAXOJUTCA
cooTBeTcTBYMOIIEe i 3HaueHue fox. B kagecTBe mpumepa Ha puc. 23 npuBeneHsl rpaduKu 73= 77
(fox) mpu 3HavyeHusx fF, paBubix 1,5; 2; 3.

s pacuera ( ¢ momornbio ¢opmynbl (45) mo wHaimenHoi fox HeoOXOAMMO 3HATH
KO3 PHUIHEHT GUIBTPALUN TPYHTA, KOTOPBHIA TOJIBKO MO JaHHBIM PEKHUMHBIX HaONIOACHUN He
MOYET OBITH HAMIEH.

My =

L
3

N
ll -
WING 2

N ‘
1[‘":?-‘

fox 10 20 30 o

Puc. 23. I'paduk 3aBucuMocTH 7)x oT fox

N3noxeHHas METoMKa IPUMEHUMa IS JII000H Mapbl HAOMIOAATENbHBIX CKBAXHUH. Pasnnuus
B 3HAUEHUSAX (, NOJYYCHHBIX IO PA3IUYHBIM COYETAHUSM HaONIOJATEIbHBIX CKBAXHH,
XapakTepU3ylOT KOCBEHHO (DMIBTPALIMOHHYI0 HEOJHOPOJHOCTh BOJOHOCHOTO TOPHU30HTA, a
TaK)K€ B HEKOTOPBIX CIIydasX - XapaKTep BHEIIHUX T'PaHULL IJIacTa.

2.43. Tlo HabmrogaTeIbHOM CKBa)KMHE, PACTIONOKEHHOM HA PACCTOSTHUU X OT KOMMYHHUKAITUH,
IPOM3BEACHBI 3aMepbl YPOBHS BOJBI B MOMEHTHI BpemeHu t u (t + At), mpuuem BenuuuHa t B
o0mieM Hew3BecTHa, a u3BecTHO Tobko LI, TlomoxkeHus: ypoBHEH B 3TH MOMEHTHI BPEMEHH
PaBHBI COOTBETCTBEHHO N¢ ¥ Nivar , TOTTA, BBOISI 0003HAUCHUS

fetics 1 1

cal
Jow = & T —i0 T L E* = ,
x x* 2.0 fo gm
1o popmyte (46) momydaem
n, = Bovie ~ 5, _ Jox T 55, _iEI‘fl: E£*
H .

bk, fo  derfc & 47)

B sroit popmyne 7; u [Kox m3BecTHBI, 3areM 1o HaiieHHOMY fox ¥ HM3BecTHOM BenMYMHE
Kod(durmenta GUIBTPAIIUU PAaCCUNTHIBACTCS (.
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Onpenencuue fox mo dopmyne (47) NMPOU3BOAUTCS AHAJIOTMYHO HM3JIOKEHHOMY Bbimie. [1o
ussectHoir Benmumbe [ oy, 3amaBasce pasmmuneivMu  fo, crpourcs ¢ymkmus 71 (fox)

Jop TG, tetfc £F

Jox terfe & 3arem ma ocn OpAMHAT 3TOr0 TpaduKa OTKIAIBIBACTCS W3BECTHAS
BEJIMYMHA 7} ¥ ONIPEACISIETCSI COOTBETCTBYIOIEE 3HAUeHHE foy.

2.44. VznoxxeHHas METOAMKA pacyeTa BEIUYMHBI yTeUeK ( W3 JIMHEWHBIX KOMMYHHKAIUH
NpUMEHNMAa TaKXKe B IUIACTaX MHOTO CTPOCHHS, OJJHAKO B 3TUX CIydasX B KadeCTBE MCXOJIHOM
UCTIONB3YETCS COOTBETCTBYIOIMIAsi pacuetHas (opmyna. I[Ipaktuueckn Oe3 n3MeHEeHHIl OHa
UCTIOJIb3YEeTCSI TIPU OTIPEJICIEHUH YTeUeK U3 KOHTYPHBIX CHCTEM KOMMYHUKAIUI U MPH pacyere
BEJIMYMHBI JIOTIOJIHUTEIBHOTO HWH(UIBTPAMOHHOTO TUTAHUS, TOCTYIMAIOIIET0 W3 OYaroB
pa3IMYHBIX B IUIaHE POPM.

OnpenejieHne WHTEHCHBHOCTH HH(HIBTPAIMOHHOTO MUTAHHUA NPH MOCTYIUIEHUH ee M3
M0JI0OCO00OPA3HOr0 HCTOYHUKA

2.45. Jlns pacuera [/ mo IJAHHBIM PEXMMHBIX HAOMIOAEHHHA B OJHOCIOWHBIX IIJIACTax
ucnonesiyercst popmyna (12), mpuueM HEOOXOTUMBI MU €AMHOBPEMEHHBIC U3MEPEHUST YPOBHS
BOJIbI B IBYX HaONIOAaTEIbHBIX CKBAKMHAX, UM U3MEPEHUs YPOBHEN B OJTHOM CKBa)XKMHE Ha J[Ba
MOMEHTa BPEMEHH.

2.46. Ilycte uMmeroTcs 1Be HaOI01aTeIbHBIE CKBAKUHBI, PACIIONOKEHHBIE Ha PACCTOSHUSX X
u [£ or ocu monocel uHGUILTpanuu, npudyem X > L u B > 1. IlonoxeHne ypoBHEN BOIBI B
CKBa)XMHAX PaBHO COOTBETCTBEHHO N, U hg. Torma, mpumenss dopmyny (12) mpu x > L
noJiy4yaeM

0 - T+1
1%erfc - i*erfe
h,—h, 2.4 7 NS
s =
B =5k ) 1 +1
s e 121erf|:: ﬁ——l 1erfc ~
J_ 2/%
f qE
=
U
L A (48)
[To 3TOi 3aBUCHMMOCTH TPW W3BECTHON BEIWYHHE 7], MOJOOPOM HAXOJUTCS HEM3BECTHOE
Oe3pasmeproe Bpemsi fp, a 3arem mno Qopmyne (12) - BeaMuWHA JIOTIOJIHHUTEIBHOM

nosiocooOpazHoii uHpmIbTpanuu. [ns  oOnerdyeHus mporeaypbl MOa00pa HCIOIB3YETCS
rpad0aHaIMTUUECKUI [PUEM, M3IO0KEHHBIH BBINIE, T.€. NPA M3BECTHBIX [ M % C
ucronp3oBanueM (opmyisl (48) crpoutcs rpaduk 3aBUcHMOCTH 77 OT fo. 3aTeM, oTKIaabIBas Ha
OCH OpJIMHAT U3BECTHOE 3HAYCHHE 7], HAXOIAT COOTBETCTBYIOIIEE eMy 3HaueHue fo.

[Ipu pacnosioxeHur TOYeK HAOIIOMICHUNA B Mpe/enax mojockl HHGUIbTpauu (T.e. mpu X < L
u X <L) BenmuumHa 77, pacCUUTHIBACTCS MO PopMyIie

.2 1+ .4 1-x

0.5 —1%erfe —ierfs —

U A S S
# _

hﬁ"‘ e U,5—i2iarfi:: 1+ & -1 1erfi:: &

204 245

aecm X <L,apXx>L, 10

0.5 i derfe % —i%ere 1
B mh, E«J{?n 2.[%
o=k e BT e B

245 2%
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2.47. Tlo HabmogaTenbHON CKBA)XKMHE, PACIIONIOKEHHOW HA PACCTOSHMM X OT OCH TOJOCHI,
IIPOBE/IEHBI 3aMephbl YPOBHS BOJbI B MOMEHTHI BpeMeHM t u (t + At), npudyeM H3BeCTHa JIUIIb
BenmnunHa At. Torga, BBoas 0003HaucHHE

Afg = aAt/L?
C UCIOJIb30BaHNEM 3aBUCUMOCTH (12), momydaem:
npu X > L
Borfe — 21 ke 21
j,?:r:}%m‘;?e:fnJ’ﬁu_ 2 fut‘%{u E_JBJ’%;
R fierfe 2L —jtiprge 21
2.7 2.7
mpu X < L
2 x-1 .. T+l
. ey, .0,5 1"1erft T, -F_,-“_‘g.,f',:, 171erf 2_ Ty |
Jo 0,5-i%erfe L —i%erfs 2L

245 204

Haxoxnenue fo mo atum popmysnam mponus3BoAUTCS METOIOM TOAOOPA.
AHaJOTMYHO U3JI0)KCHHOMY BBITIOJTHSETCS pacyeT B [UIACTaX HHOTO CTPOCHHSI.

OnpenejieHne WHTEHCHBHOCTH HWH(MILTPAIMOHHOTO NMUTAHUS NPHU NMOCTYIUIEHUH ee W3
KPYIJIOro oyara

2.48. Jlns pacuera [/B 3TOM citydae MCHONB3YIOTCS (HOPMYIIBI, pUBEACHHBIC B Tabm. 11,
METOJIMKa pacyeTra ocTaeTcs mnpexHend. Hampumep, B cilydyae OAHOCIOWHOrO IuiacTa MpH
HAJIMYUU ABYX TOUYECK HAOIIOICHUH

by T B — FlSEF’f':':I
PRSI N =R (49)

My =

a TpH HAOJIIOJICHUSIX 110 OJJHOM TOYKe

— 'kr+ﬂ:_;2£ — FIE(F:fD +%:‘_
hy =k, P (r. 1) (50)

Haxoxnenne fy mo dopmynam (49) u (50) mpomsBogutcs moa00pOM € HCIIOJIB30BaHHEM
U3JI0’KEHHOTO BBIIIE MPUEMA.

2.49. Ha TteppuTopusixX, B3allMIICHHBIX OT TMOJATOIUICHUS] JAPEHAXHBIMH YCTPONCTBAMH
Pa3IUYHOTO THIA, BEJTMYHMHA JOTMOJHUTEIHHON MHOWIBTPAIIMN BEChbMa HAJE)KHO MOMKET OBIThH
oTpeneNieHa 10 JaHHBIM HaOJIOJCHUH 3a IMOJIOKEHHEM CHIDKEHHBIX YPOBHEHW T'PYHTOBBIX BOJ
npu paboTe IpeHaxa.

J1st HaXOXKIIEHUSI (0 MCTIONB3YIOTCS 3aBUCHMOCTH JUTSL (PHITBTPAIMOHHBIX PACUYETOB JIPCHAXKEH
COOTBETCTBYIOIIETO TUIIA, IPUBEICHHBIE B pa3l. 5.

7y

Onpenesienne BeJMYUHbI HHPUILTPAIMOHHOIO NMUTAHUSI HA OCHOBE BOIHO-0AJIAHCOBBIX
pacueToB

2.50. BennumHa JOMOJHUTEIBHOTO HMH(UIBTPALIMOHHOTO IUTAaHHUS Ha 3aCTPaWBaEMbIX WU
3aCTPOEHHBIX TEPPUTOPUAX WM HA UX OTIENbHBIX y4YacTKaX MOKET OBITh OIpejesieHa IO

dopmyme [40]
o= (a1 - o) wy-Au+ pWIF, (51)
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e oq U o - KO3()PUIHEHTHI TOBEPXHOCTHOTO CTOKA JI0 U MOCIIE 3aCTPONKU (PEKOHCTPYKITUH);
AU - W3MEHEHHE BEIMYMHBI HCIIAPEHHs C IIOBEPXHOCTH TPYHTOBBIX BOx, M/cyt; L[f -
MHTCHCUBHOCTh aTMOC(EepHBIX ocaakoB, M/cyt; W - cyroyHoe BoOAOMOTpeOsieHHMEe Ha
paccMaTpuBaeMOl TEPPUTOPUM WIIM MPOMBIIIIEHHOW IUIOIIAAKE, M3/cyT; F - mmomane sToit
TEPPUTOPHH, M L - K03 PuImeHT noTepb BOJI U3 BOJOHECYIINX KOMMYHUKAITUH.

VIHTEHCHBHOCTh  BBIMAJAIONIMX HAa TEPPUTOPUM OCAIKOB OIPEACISIOT MO JaHHBIM
THIPOMETe000CepBaTOPUI WM KJIMMATUYECKUM CHPABOYHHKAM JUII MHOTOJIETHETO IIEpHOJA
HaOIr01eHU.

Cpennroro BennuuHy Kod(dduIipieHTa moBepXHOCTHOTO CTOKA HA 3aCTPOCHHOM TEpPUTOPHU
omnpenenstot no gpopmyae [40]

AraFf+ +a
A+FA+ +F

=063

rae ¢ - k03(h(UIMEHT MOBEPXHOCTHOTO CTOKA C MOBEPXHOCTHU Iomiansto Fi (tadn. 17). Jns
IPYHTOBBIX HECIUIAHHPOBAHHBIX IMOBEPXHOCTEH KOd(DduImeHT [/MOXKET OBITH IPUHAT PABHBIM
HYJIIO.

[Ipn oOTCyTCTBMM Jd€TalbHBIX JaHHBIX O IUIOHNIAAIX M XapakTepe MOKPBHITHH Ha
paccMaTpuBaeMoOl TEpPUTOPUHU 3HAUEHUS KOI(PPUIIMEHTOB MOBEPXHOCTHOTO CTOKA BBIOMPAIOT
1o Tabs. 18 B 3aBUCUMOCTH OT THTIAa 3aCTPONKH.

dakTHyeckre HaOIIOJCHNS TOKa3bIBAIOT, YTO MOTEPH BOABI U3 BOJOHECYITNX KOMMYHHUKAITHHA
coctaBisitoT 5 - 10 % oOiiero BogomoTpeOieHus Mo TEPpUTOPHH. B COOTBETCTBHM C 3TUM
K03 (QUIHEHT TTIOTEPh U3 BOJOHECYIMX KOMMYHUKaIHi Konebnercs B npenenax /= 0,05 - 0,1.

Taonuma 17

B noBepXHOCTH KoadummeHT noBepXHOCTHOTO
CTOKa
Kposiu 1 achansToOCTOHHBIC TOKPHITHS 0POT 0,95
Bpycuatbie MOCTOBBIC U YepHBIE [1IE€0CHOYHBIE TTOKPBITHSI JOPOT 0,6
BynbkHBIE MOCTOBBIC 0,45
[[le6GeHOYHBIE TTOKPHITHS, He 00paboTaHHBIE BKYITUMHU MaTepHUaTaMU 0,4
I'paBuiiHbIC CaI0BO-TTAPKOBBIC AOPOIKKH 0,3
I'pyHTOBBIE TOBEPXHOCTH (CIJIAHUPOBAHHBIC) 0,2
T"a3oHBI 0,1
Taonumna 18
3uMHe-BeCeHHUN JleTHe-oceHHwmi CpenneronoBoe
Teppuropus
epHOJL epHOJL 3HAUCHHE
Crapas koMMYHaJIbHasl 3aCTpoiiKa 0,28 0,25 0,26
KomMmyHaibHast MHOTO3Ta)KHAS 3aCTPOHKa 0,28 0,24 0,25
WHauBHIyaIbHAS 3aCTPOHKa 0,22 0,05 0,09
30Ha Oy/IpBapoOB 0,64 0 0,18
Bech ropon 0,34 0,1 0,16

ITo nanapiM Mumxunkomxoza YCCP, B cpeqHeM Ha 3aCTPOCHHOW TeppUTOpHM YKpauHbl [ =
0,063.

Ceenenust o BenmmundHe LU B nuteparype mpoTuBOpeduBbl. [IpakTHYECKH B OOJBIIMHCTBE
CJIy4aeB MOXHO IIPUHATH AU paBHOH HYIIIO.

Onpezlene}me BCJIMYHUHBI I/IH(l)I/IJIpraHI/IOHHOFO NIUTAHUA METOI0M aHaJIOrui

2.51. Meron aHanoruii OCHOBaH HA TEPEHECCHWHM 3HAYCHHWH JIOMOJHUTEIBHON
WH)UIBTpAIIMK, TOJYYCHHOW JII XOPOIIO HM3YYCHHOW B THAPOTCOJOTHUYECKOM OTHOIICHUH
TeppuTOpUU  (dTAllOHA), HA yYaCTKM WIM PETUOHBL, OO0JIAgalonife  aHAIOTMYHBIMU
TUJPOTE€OJOTHYECKUMHU YCIOBUSIMU M TEXHOT€HHOM Harpy3koil. Jlormdyeckum 3aBeplIeHHEM
ATOr0 METOMA SIBJISIFOTCS PacueTHBIC TAOJIUIIBI AJIs IOTEPh BOJBI U3 KOMMYHUKAIUN U BETUIMHBI
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UHOQUIBTPAIMN, COCTaBICHHBIE HAa OCHOBE OOOOIIEHUS MHOTOYUCIEHHOTO (aKTHUECKOTO
MarepHaa.

B nuteparype mmeercs IOCTaTOYHO OOJBIIOE YHCIO CBEACHUNA O (haKTHUECKOW BETMUMHE
JIOMOJIHUTEIBHOI0 NH(QWIBTPALIMOHHOTO IUTAHUS HA 3aCTPOEHHBIX TeppUTOpHsX. OO0OLICHHbIE
3HA4YeHUS JaHHOW BEIMYMHBI IPUBEIEHBI B Ta0I. 19.

Taoaxuma 19
O6beKTh CpenHeronoBasi HHTCHCHBHOCTD
uHmibTpanuu [ M/CyT
TemnnoBble 3MEKTPOCTAHIIUY (1-20)10*
Meranyprudeckue 3aBoJibl (1,9-9,2) 10
Xumudeckue, HeprexumMudecke u HedrenepepadaThIBAIONTNE 3aBOIBI (1-4)10*
T'opHO-060TaTHTENBHbIE KOMOMHATHI (0,4-0,8)10*
O4HCTHBIE COOPY)KEHUS BOJAOCHAOKEHNS U KaHATH3AINH (4-6)10*
T'opoJICKKE TEPPUTOPHH (4-6)10*

Kpome Ttoro, ycranoBrneHno [34], 4TO TONBKO 3a CUET M3MEHEHUH YCIOBHI BiIarooOMeHa
BCJICZICTBUE 3aCTPOMKH U ac(HabTUPOBAHUS TEPPUTOPUI BEIUYHHA JTOMOJHUTEILHOTO MTUTAHUS
cocrassier (0,5 - 1,3) 10% m/cyr.

2.52. OnHako ciemyeT OTMETUTh, YTO MPUBEACHHBIC B Tabk. 19 3HaYeHUS MOMOJHUTEIHHOMN
UHQUIBTPAIIMU COOTHOCATCS K TEPPUTOPUU 3aBOJa WM ropoja B menoM. Ha camom nene, kak
y)K€ YKa3bIBaJoCh, 3€PKaj0 TPYHTOBBIX BOJ Ha 3aCTPOCHHBIX TEPPUTOPUSIX HOCHUT
KyInoJoo0pa3Hbiii xapakrep. [103ToMy B pealibHBIX YCIOBUSX WHTEHCHBHOCTh MH(DUIBTpALIUN
Oynmer BbIIe, YyeM TMpuBeAeHHAas B Tabn. 19, HO momans ee TMOoCTyIyieHus Oymer Ooiee
JIOKAJIN30BaHa.

B Tabn. 20 mpuBeneHpl 3HAYCHHUS JIOMOJHHUTEILHONW WHPWIBTPAIMM Ha IUIONIAb €€
NOCTYIUICHUS JIJIs1 HanOoJiee 00BOTHEHHBIX MTPOU3BOJCTB [27, 34].

Tadoaxuma 20
O61eKTLI CpenHerooBasi HHTCHCUBHOCTh
urGunsTpaumu [/ M /cyt

MauMHOCTPOUTEIBHbIE TPEANPUATHS (2,2-2,7)107
Merayprudeckue npearnpusThHs (6-10)10°
T'opHO-060raTHTENBHbIE KOMOMHATHI (0,3-1) 107
XUMKOMOUHATHI (3-5)10*

TOII (2-4)10*

ADBC (1-3)107?
HacocHsle crannmy BoJo00OpPOTHOTO IUKJIIA (1,6 - 2,5) 107
OuuCTHBIE COOPYKEHNUS BOJOCHA0KEHHSI M KaHAJIN3AIUU (1,2-25)10°3

Ha ropoackux TeppUTOpPUAX BEIWYMHA JOMOJHHUTEILHOW WHQWIBTPAIIMU 3aBUCUT OT
IUIOTHOCTH BOJOHECYITUX KOMMYHUKAIIMU, yICNBbHBIX MOTEPh BOJBI M3 HHUX, a TaKXKe THUIA U
auamMerpa Tpyo.

B Tabn. 21 mpencraBieHbl HEKOTOpPHIE 0OOOIIEHHBIE JaHHBIC MO TIOTHOCTU BOJOHECYIINX
KOMMYHUKAIIUH Ha CENMUTEOHOW TeppuTopuu C S5 - 12-3TakHOW 3acTpoiikoil, a B Tabm. 22 -
yIeIbHbIC TIOTEPH BOABI M3 KOMMYHHUKAIIUKA. DTH JaHHBIE MMO3BOJISIOT OIEHUTH MMOTEPU BOJBI U3
BOJIOHECYITMX KOMMYHHKAITUH.

Taomnuma 21
Bup 3actpoiiku Cetb ITnoTHOCTE ceTH, M/Ta
JKunoii paiion BonocHabeHue U TeINIOCHA0KEHNE 300 - 350
BriTOBas U 10XKaeBasg KaHAIU3ALUA 200 - 250
Teppuropusi MUKpOpaioHa BonocHabkeHne v TCIUIOCHAOKCHHE 200 - 250
BriTOBas U 10XKaeBasg KaHAIU3ALUA 200 - 250
Taomnuma 22

HaumenoBanue cereit | Vreuku, M°/CyT Ha 1 KM cetn |
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HaumenoBanue cereit Yreukw, Ms/CyT Ha | KM ceTn
BopocHabxkenue 1 TEIa0CHA0KEHHE 25-7
Kananu3zamys:
palioHHast ¥ TOpoACKas Ho 80
MHUKPOpPaHOHHAS » 30
Taonumna 23
CpenHeroioBasi BEIMYUHA @), M/CYT, B 30HE
3acTpoiika HEJ0CTAaTOYHOTO HEYCTONYMBOTO HU30BITOYHOTO
VBITAXKHEHUS VBITAXKHECHUS YBITKHEHUS
ManosTakHas 1,1-107 1,810 2,4-107
Muorosraxxnas 1,7 -10° 23.10° 3.10°
WHauBuayanbHAS 2,1-10° 2,7-10° 34-10°
ITapkoBas 30Ha 1,2-10° 1,5-10° 2.10°
T'opozcKast TSPPUTOPHS B LIETIOM 1,7 -10° 23.10° 2,9-10°

MHOro4uCIEHHBIE JINTEPATypHBIE AAHHBIE IMOKA3bIBAIOT, YTO HA TOPOJICKUX TEPPUTOPUIX
BEITMYMHA (@ KOJICOJIETCS B IIMPOKHUX Tpeeiax OT 10% 10 107 M/cyT. O60061IeHNE (HaKTHIECKOTO
MaTepHuaia Mo3BOJIWIO MPOBeCcTH Oosee AeTanbHYyI0 MudPepeHIranuo 3THX TaHHBIX, KOTOpas
npuBeZieHa B Taba. 2. DT 3HA4YEHUS @ MOTYT OBITh MCIIOJNB30BaHBI MPU pacyerax MpOrHo3a
MOATOIJIEHUS TEPPUTOPUH.

OINPEJEJEHUE CPEJIHEN MOIITHOCTH BOJOHOCHOTI' O IIACTA

2.53. Ilpu pacuerax MpOrHO3a MOJATOIUICHHUS TEPPUTOPUN HEOOXOJMMO 3HATH CPEAHIONO
MOIIIHOCTH I1acTa ., onpeneneHne KOTopoit mpousBoautcs mo ¢hopmye [37, 42]

he = h's + adalk. (52)

3nech « - KO3 HUIMEHT, 3aBUCIIUI 0T Oe3pasmeproro Bpemenu kt/ (n&); & - xapakTepHbIi
JUHEHHBIA pazMep (B ciaydae mojaocoodpasHoil uHpuibTpauu & = L, ams xpyriaoi miomanku
uHpuUIbTpauu & = Ip); t - BpeMsi, Ha KOTOPOE BBIMOJIHAETCS IPOTHO3.

3navyenus koddunuenra a B 3aBucuMoctu ot Kt/ (n&) mpusenens! Ha puc. 24.

[Tpu GosbIION HAYaIBHON MOIHOCTH IUTacTa N, M Majaoi MHTCHCHBHOCTH MHMUIbTpAnU (@
< 10™- 10" m/cyT) B KauecTBe CpeHEH MOIIHOCTH MOKET OBITh IPHUHATA HAYATHHAS MOIIHOCTD
he.

®dopmyna (52) MOKeT OBITh HCIIONH30BaHA U ISl IBYXCIOWHBIX TUIacToB. [lpu 3TOM cnemyer
pasznuuath aBa cinydasi - o< 1 u o> 1.

B nepBom ciydae (o < 1) ABYXCIOWHBIN IUTACT ¢ HAYaJbHOW MOIIHOCTBIO h, mpuBOaMTCS K
OJHOCJIIOWHOMY C NPUBEAEHHONW MOILIIHOCTHIO h',

h'.=h, + (o-1) M. (53)

B nanpHelineM pacyer BeAETCS M0 3aBUCUMOCTH JJIs1 OJTHOCIOMHOIO MJIacTa.
Bo BTopom ciydae (o> 1) onpenenenue he mpousBoautcs mo popmysie

he = h, + @ (h, - M) /k. (54)

[Tpu uccneaoBaHNH MPOLIECCOB PACTEKAHUS KYIOJIOB IPYHTOBBIX BOJ 3@ CPEIHIOI0 MOLTHOCTh
cienyeT IPUHATH MOIIHOCTh BOJOHOCHOT'O TOPU30HTA B HEBO3MYILIEHHON 30HE.
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a
&0
20 =

X7

10
1#?
0

Puc. 24. 3aBucumocts a ot Kt/ (n&)
INPUMEPBI PACUETOB

160 200 340 400 ktfnfe

Ipumep 1. [Iporuos popmupoBaHusi TEXHOTEHHON BEPXOBOIKU

2.54. B 30He a’panuu B TOJIIEC OJHOPOJHBIX H3OTPOMHBIX TPYHTOB C Kod(dummeHnrom
¢unerpanuun kK = 0,1 m/cyTr u koddduimeHToM Hemocratka HachimeHus N = 0,18 BCKphiTa
BOJIOYIIOpHAS JIMH3a TPSMOYToIbHOM (opmbl pazmepamu 2| = 50 m u 2L = 20 M. Ha Tepputopun
HOCTYIIAET JOMOJIHUTEIbHAS UH(PUIBTPALUS WHTEHCUBHOCTBIO [ /= 103 M/cyt. Heobxommumo

OLICHUTH JUHAMHKY (DOPMUPOBAHUS TEXHOT'CHHOW BEPXOBOJIKHA U MAaKCUMAIbHYIO BEIUYMHY €€
MOILIHOCTH B LIEHTPE JIUH3BI.

Tak kak OTHOIIICHHE JJTUHBI JIUH3BI 2| K ee mpuHe 2L MeHbIe 5, pUBeeM MPSIMOYTOIbHYIO
B IUTaHE JIMH3Y K KPYTJIOH, IPUBEACHHBIN paguyc KoTopoii R Haxoaum mo popmyie (1)
R=p@+L)/2=1,16(25+10)/2=20,3 (m).

PacuerHas cxema npuBesieHa Ha puc. 1, 6.

[Tonsem ypoBHSI TPYHTOBBIX BOJ B LieHTpe JuH3BI (I = 0) Ha pa3Hble MOMEHTHI BpPEMEHU
paccunTbiBaeM 1o Gopmyine (4), yaepKuBas B psiy epBble TPH YJICHA,

@ [2RY _2anR] Blem(vls) |
2k 2k Eoolviog + 857,00

Blep(-kn) | Bles(in) T
va(ua + BT (v Vi + B, ()

3nech
, 2R @ 2203 107
‘3
Bi=2R/h.=2-20,3/3=424.

Mo npui. 3 maxomum [} = 2,348; [h = 5,389; [ =0,447.
3navenns ¢pyHKu beccens mepBoro poaa HyJIeBOTO MOPSIKA;

Jo (Vl) =Jo (2,348) =0,029;
Jo (Vz) =Jo (5,389) =-0,045;
Jo (L&) = Jo (8,447) = 0,056;

[IpousBenem pacuer Ha MOMEHTHI BpemeHH 1, 3, 6, 9 u 12 mec.
ITpu t; = 1 mec =30 cyr

=), 96 11,
1

kb 0109630

Jo wRE 018 203
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_3 _3- 2 L] _3- L] (1 2
7y = 10 50,32 + 1072031  2-1077-0,96-20,342.4 y
20,1 20,1 0,1

y expl —2,248%-0,039) .\ expl —5,285%.0,039)
2,348%(2,348% + 42 4%)0,029  5,389%(5,389% + 42 4%)(-0,045)

—_— 2- lm
e::p( 8,4:1? U,DEQ} _ 0450 u
8,447 (8,447 +42.4°50,056

IIpu t; = 3 mec =90 cyt

_0,1°0,96:50 _

0118
018 2032

Jo

- 107 g1, (107203 2107096203424 y
20,1 20,1 0,1

y expl —2,348%0,118) . exp(—5,385%.0,118)
2,348%(2 2487 + 42 430,029 5,389%(5,389% +42.4%y(-0,045)

_ 2 12
cxp(~BA470,118 090w
8,447 (8,447" +42,4%)0,056

CooTBeTcTBEHHO Tony4daeM: mpu {3 = 6 mec, fo = 0,236, hs = 1,19 m; mpu t, = 9 mec, fp =
0,353, h4 = 1,31 M; IIpu t5 =12 McEC, fo = 0,472, h5 = 1,38
MakcuMaabHyI0 BEIMYMHY IOJbEMa YPOBHS BEPXOBOJKH B IIEHTPE JHH3BI HAXOAUM IIO

dopmyae (5)
2YT7 [102 102203 ]
P B - 20,3 +| = —144
ok T 201 201

Taxum o6pa3oM, GOopMHPOBAHUE BEPXOBOJIKH 3aKaHYMBAETCS IPUMEPHO Yepe3 ro/l.

IMpumep 2. [IporHo3 noBbIIEHNUS] YPOBHEN TPYHTOBBIX BO/JI ITPU MOCTYIUIEHUH TOMTOJTHUTEIBHON
10J10c000pa3HO HHPMIBTPALUT

2.55. Ha cB00OOMHYI0 MOBEPXHOCTh HEOTPAHWUYCHHOTO B TUTAHE M JIBYXCJIOWHOTO B paspese
BOJOHOCHOTO TOPH30HTA TOCTYIIACT JOMONHUTENILHOE THTAHAE MHTEHCHBHOCTBIO (7= 6 - 107
M/CYT W3 TOJ0CO00pa3HOTO B IUIaHe HcTOYHMKa mupuHo 2L = 20 M. Koaddumment
¢dunbTpanuu BepxHero cios ki = 0,1 m/cyr, Henoctarok Haceimenus Ny = 0,15. HuwkHauit cnoit
MOIIHOCTRIO M = 2 M umeeT Kodpdunuent ¢unpTpanuu K, = 3 m/cyr. HaganpHass MOIIHOCTD
rpyHTOBBIX BOA Ne = 10 M. PaccunTarh BeMuuHy 1orbeMa YPOBHsSI TPYHTOBBIX Boa Ah uepes rox
(t =365 cyT) ¢ MOMEHTa Hayasia MOCTYIJICHHS JTOTOJIHUTEIbHON HH(DHUIBTPAIIMK Ha CBOOOIHYIO
IOBEPXHOCTh I'PYHTOBBIX BOJ B TOUke X = 30 M.

Tak kak o= Ko/k; =3/0,1 =30 > 25, To ans pacdera ucmois3yeM hopmyay (16) mpu X > L

@ih, — M)
Ah= 2 {Fs (Ou, OF) - Fa (O, ) + Ob [Fa (hs, ) - Fa O, CH)I
PaccunTaeM cpeHIOI0 MOIIHOCTD IutacTa 1mo gopmyie (54)

G107

}z¢=ﬁz£+g(}z€—ﬂf[j=1[]+ (10-2)=105

1 : M.
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Brerauciaum BcmoMoraTelIbHBIC napamMceTphI:

. kM 320365
A==t - - > = 146,
NN mi 01510
& =1+ =1+30/10 =44 =%-1=30/10-1=2;
4 2
=——=0174; = ——=0,08
N7 ST
bt 01365

Tk -M)  015(1048-2)
I[To rpadukam Ha puc. 6 u 7 Haxonum QyHkiuu F3 u Fy:
F3(0,17; 28,7) = 0,81; F3(0,08;28,7) =0,91;
F4(0,17; 28,7) =0,81; F3(0,08; 28,7) =0,9.

Torna BenmuunHa MObeMa YpOBHS Oy/ieT paBHa:

_ 6 107°(10,48 - 2)

FaY:
2,01 {0,81-0,91 + 28,7 [0,90 - 0,81]} = 0,63 M.
ITpumep 3. [Iporuo3 u3mMeHeHus ypoBHEN TPYHTOBBIX BOJ IIPH YTEUKAX BOJbI U3
KOMMYHUKaIWM

2.56. YTeuku U3 BOAOBOJA paguycoM g = 0,3 M Ha eMHUILY ero JUIMHbI cocTaBisitoT = 0,04
MY/ (cyr'M) W TOCTymarOT B OJHOCJIOWHBIA M3OTPOMHBIM IUIACT KOHEYHOM MOIIHOCTH.
Koaddunment ¢uabtpanuu BogoHOCHBIX mopoa K = 0,2 mM/CyT, HEIOCTaTOK HAChIMIEHHUS N =
0,12. HauanpHast MOIIIHOCTh TPYHTOBBIX BOJ Ne = 6 M, pacCTOSHUE OT OCH BOAOBOJA 10 YPOBHS
rpyHTOBBIX BOJ b = 2,5 M. OnpesieTuTh MOBBIIICHUE YPOBHS TPYHTOBBIX BOJ B TOUKE X = 3 M
gyepe3 100 u 200 cyt ¢ MOMeHTa Hadaia MoJbeMa IPYHTOBBIX BOJ. 3HaueHHE 10 Gopmyite (26),
cuntas B Heit Ah = b u X = rp, onpenenuM Bpemsi TOCTHKCHHUS YPOBHEM TIPYHTOBBIX BOJ
BogoBoaa (t=T):

&, i erfc 2+Jat
HPUHUAMAs
hoo 026
a="t="2"o1p
h.=h.=6Mu M 0,12 MZ/CYT,
HOJIy4aeM

004 g 03
2’5: 0,26 i erfc 24,!'10?1

orcrona I'=1731 cyr.

[TogbpeM ypoBHS TPYHTOBBIX BOA 10 Gopmyite (26) onpenenum Ha MOMEHTHI Bpemenu (t < 7)
t1 =100 cyt u t = 200 cyT:

npu t; = 100 cyt

0,01 0,3
M= ———/10-100 —_—
0,26 i erfc 2#101':' = ()’6 M;

pu t, = 200 cyt
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TEPPUTOPUSX
0,0 0,3
Ah=—1_ 10200 . —
0,2-6 i erfc 2+10°200 =0 85 m.

IMpumep 4. [IporHo3 nogbeMa ypoBHENH IPYHTOBBIX BOJ MPU ICUCTBUU JIBYX KPYIJIBIX
TUIOIIAJIOK JIOTIOJHUTEIBHON HHDUIBTpAuu

2.57. Ha cBO0OOMHYI0 MOBEPXHOCTh HEOTPAHWUYCHHOTO B IUTAHE M JIBYXCJIOWHOTO B paspese
BOJIOHOCHOTO TOPH30HTA TIOCTYMAaeT JOMOJTHHUTENbHAS WHQWIBTpAIUS W3 JBYX KPYTIIBIX
100K (cM. puc. 15): Ha mepBoOH TIJIOMIATIKE C PAANYCOM lp; = 12 M, KOOpAMHATAMU IIEHTpPaA X1
=20 M, y1 =26 M, [{ =3 [010° m/cyr u Ha Bropoii ¢ paguycoM Fg; =20 M, KOOPAMHATAMH
HeHTpa X = 715m,y, =16 M, a» = 8 - 103 Mm/cyT. Kosdduiment punbTpaiiuu BepxHero ciost Ky =
0,05 m/cyt, HenocTaTka HaceimeHus Ny = 0,13. Hmwkuuii cioit umeer MomHOCTh M = 2.2 M u
kodpdunuent dunaprpanmu K, = 2,6 m/cyr. HauanbpHas MOIIHOCTh TPYHTOBBIX BOX he = 6 M.
Onpenenuth MOabeM YpOBHS IpyHTOBBIX BoJ Ah uepes 1 rox (t = 365 cyT) B Toukax X; = 20 m,
V1=26M, X2 =75M,y,=16 Mu X3 =36 M, y3=0M.

Tak xak o = kyp/ky = 52 > 25, T0 pacuer Bemem 1o popmyiie (36) ¢ yueToM OJTHOBPEMEHHOCTH

JENCTBUS TUIOMIAIOK 10 METOY CYNEPIIO3ULIUH
(h, — M) _ _

] KT[mleu (A AL Fon) + @ Fog (7. Gy, Foaa )]
Ah = 1 .

CpenHiol MOIIHOCTh IUIacTa BBIYMCIMM 10 ¢opmyne (54), cuutas B HEW @ paBHOU
CPEIHEB3BEIIEHHON BEIMYMHE HHPUIBTPALIIH

- ml”"u:i +mgf".3:; _3 1073122 + 2107 202

"021 +’"n:;4 127 + 207 = 6,68 107 M/CYT.
13
h.o=6 +M[6 -2.21=65
0,05 M.

Haiinem mogbeM ypoBHSI TPYHTOBBIX BOJ B IIEHTpE MepBoii uromaaku (X3 = 20 m, y; = 26).
Jliist aTO# TOUKM:

f1=0; %1 = heJroy = 6,5/12 = 0,54; 71 = Mgy = 2,2/12 = 0,18;
B =52 0,18 (0,54 - 0,18) = 3,37; fop1 = ko Mt / (n1r%y) = 2,6 (12,2 x
x 365/ (0,13 - 12%) = 111,5.
ITo tabn. 14:

FulA B Ju) = Fyp (0; 3,37; 111,5) = 1,55.

e rolrop 72~ J(xl _xzj'j +(n _}’2:'2 =

= J(20-757 +(26-16)* _ 55.9 a1
7 =559/20=2,8; [3= oMl ~M1), B = Jry, = 6,5/20 = 0,33;

My = Mire, =2,2/20 =0,11; =52 - 0,11 (0,33 - 0,11) = 1,26;
fabz = ko Mt/ (n1r%) = 2,6 (12,2 - 365/ (0,13 - 20°) = 40.

Tlo ta6un. 14: Fau'Fa & Juz) = Fyy(2,8; 1,26; 40) = 0,58.
[ToagbeM ypoBHS TPyHTOBBIX BOJ B TOUKE X1 = 20 M, y1 = 26 m:
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Ch=1[6,5-2,2/0,05][3-103 1,55+8-102-0,58]=0,8 m.
AHaJIOTHYHO UIIEM TOIBEM B IIEHTPE BTOPOH TIomanaku (X2 = 75 M, y» = 16 m):
_ 559
12 =47; [0 =337; fay = 1115,

]

Fulfs B Ju) = Fyp (4,7; 3,37; 111,5) = 0,19.
ry = 0; ﬂ =1,26; f0b2 =40.

Fon(7, By Jwna) = Fyp (0; 1,26 40) = 2,22.

[ToxbeM ypoBHS IPYHTOBBIX BOJ B TOUKE X2 = 75 M, Y2 = 16 M:

My = [6’5_1;’2][3- 10201048107 - 2,22] = 158

M

Onpenenum NoabeM B TOUKE X3 =36 M, Y3 =0 m:

1 =r1/r; ’1‘\]‘13‘3_9‘13‘ o) -

= .J36- 2007 +(0-26)% =305 o

1 =30,5/12 = 2,5; [{ = 3,37; fop; = 111,5.

P B i) = By (2,5: 3,37; 111,5) = 0,3.

R i
b= 1 a
ey s =A% —x) O m )

= J(36 =757 +(0-16)% =422 u:

422

1 =

20 =21; B =1,26; fon2 = 40.
Fx (2,1; 1,26; 40) = 0,69.

[TonbeM ypoBHS TPYHTOBBIX BOJ B TOUKE X3 =36 M, Y3 =0 M:

A - [5’5 '25’2][3- 100,30 +8:100,69] = 0,55

M.

IIpumep S. [IporHos nogbema ypoBHEN T'PYHTOBBIX BOJ, IIPU MOCTYILUIEHUH JOIOJIHUTEILHON
MHOQWIBTPALUY B IIpeJiesiaX KOJIbLIEBOM 30HBI.

2.58. YTeuku U3 KOHTYPHOH CHCTEMBI BOJOHECYIIMX KOMMYHHKAIMi C TNPUBEICHHBIM
pamuycom Rp = 25 M cocraBmsaor = 0,01 M/ (cyT'M) W TIOCTYHarT B OJHOCIOWHBIN
BOJIOHOCHBIN IIACT MOIIHOCTBIO Ne = 7 M ¢ koddpduuuenrom ¢uiptpanmu K = 0,5 m/cyTt u
K02 HUIIMEHTOM HexocTaTka Hacklmenus N = 0,12. Haiiti mogsem ypoBHsS TpyHTOBBIX Boa [h
B Toukax 1 = 0; r, =25 mu r3 = 37,5 M yepes roga (t = 730 cyT) oT Havana nmoabeMa.

[Togbem ypoBHSI TPYHTOBBIX BOJ paccumTaem 1o ¢gopmysie (37), KOTopas ¢ y4eToM TOTO, 4TO
Q = 2nRo(, npuHUMaeT BUA

gR _
Mg = Ekﬁl Fo (R, 7).
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Jlig paccMaTpuBaeMoOro MOMEHTa BpEMEHU

fo = khet/ (NR?%) = khet/ (NR%) = 0,5 - 7- 730 / (0,12 - 25%) = 34.

Jlist ouxu ry = 0 (71 = 0) o Ta6ur. 16
Fzz (-F , fo) = 4,34
[ToabeM ypoOBHs TPYHTOBBIX BOJT

Ah=0,01-25-434/2-0,5-7=0,16 m.

B rouke ;=25 M (72 = 1) Fypp (7, f) =4,36 1
Ah=0,01-25-436/2-0,5-7=0,16 m.

Brouke r=37,5m (7 =15)Fxn (7,f)=3,55u
Ah=0,01-25-3,55/2-0,5-7=0,13m.

3. INIPEAYHPEIAMTEJIBHBIE MEPOIIPUATUA 110 HNPEJOTBPAIIEHUIO
MNOATOILUIEHUSA TEPPUTOPUIA

OBIIASI XAPAKTEPUCTUKA ITPEAYNPEJIUTEJBbHBIX MEPOITPUSTUM

3.1. B 3aBuCHMOCTH OT pPe3yJIbTaTOB MPOTHO3a HAa OCBAUBAEMBIX U OCBOCHHBIX TEPPUTOPHSIX
JTOJIKHBI TIPOBOJUTHCS T€ WM MHBIE MEPONPUATHS MPOTUB BO3MOKHOTO, PAa3BUBAIOIIETOCS WU
y)K€ pa3BUBLIETOCA MOATOIUVICHUS. MeponpusTisi MPOTHUB TMOATOIUICHUS TEPPUTOPHIL
HOJIpa3ICISIOTCS Ha MPeynpeAuTeNIbHbIC U 3aIuTHbIC [3, 37, 42].

[IpenynpenurenbHble MEPONPHUATUSI BBIMOJIHSAIOTCS C LEIbI0 MPEAYNPEKICHUS pPa3BUTHUA
MOJTOIIEHUS HAa OCBAaWBAE€MbIX TEPPUTOPHUSAX M HaINpaBieHbl NPOTHB (HAKTOPOB, AEHCTBHE
KOTOPBIX MOXET HMETh MECTO IpPU CTPOUTENBCTBE U OJKCIUIyaTalldd pPaccMaTpUBAEMBbIX
00BEKTOB.

[IpenynpenurenbHble  MEPONPUATHS JOJDKHBI MPOBOJUTHCS HA BCEX MOTEHIMAIBHO
MOJATOIUIAEMBIX (B COOTBETCTBUM C TIPOTHO30M) TEPPUTOPUSIX, MpPEIHA3HAYCHHBIX MJIs
CTPOUTEIILHOTO OCBOCHHS, OHH BXOJST B KOMIUIEKC pabOT MO WHXEHEPHOW TIOJArOTOBKE
TEPPUTOPUM, a B OTHAEIBHBIX CIy4dasgX MOTYT HOCHUTb M CaMOCTOSATEIbHBIN Xapakrep. OHHM
BKJTIIOYAIOT B ce0s1 Clieayronue Buabl padot [3, 37, 42]:

HaJUIeKAIYI0 OPraHU3alMI0 U YCKOPEHHE CTOKA IIOBEPXHOCTHBIX BOJ;

MCKYCCTBEHHOE IMOBBIIIICHUE TUIAHUPOBOYHBIX OTMETOK TEPPUTOPHUU;

YCTPOMCTBO 3alUTHON THUAPOW3OJSALNUA 3ariayOJICHHBIX COOPYXXEHUU, KOHCTPYKIHH U
MOJA3EMHBIX KOMMYHUKALIHI;

COOpYKeHHE MPOPHIAKTUYECKUX MPUCTEHHBIX, TACTOBBIX U COMYTCTBYIOIIUX IPEHAXKEN;

MPOKIAAKY TPOMQUIAKTUYECKUX BEHTWISIIMOHHBIX KAHAIOB B OCHOBAaHUAX IOJ3EMHBIX
COOPYKEHHUI;

TIIATETFHOE BBITIONHEHUE pabOT MO CTPOUTEIBCTBY BOJOHECYIIMX KOMMYHHKAIMH H
MIPaBUJIBHYIO UX 3KCIUTYaTallHIoO C LEJIbI0 IPEIOTBPAICHHS TOCTOSHHBIX M aBAPUMHBIX yTEUEK;

HaJUISKAIYI0 OpPraHU3alMI0 CKIIAUPOBaHUsI OTXO/10B MPOU3BO/JICTBA;

CO3/1aHHE MPOTUBO(PUIBTPALIMOHHBIX SKPAaHOB B OCHOBAHMM HAKOMHTENEH W 3aBEC BOKPYT
HUX;

COOPYXEHHE MEPEXBATHIBAIOIINX MOA3EMHBIN MTOTOK JPEHAXKEH.

OPTAHU3AIIUA U YCKOPEHUME ITOBEPXHOCTHOI'O CTOKA

3.2. MeporpusaThs M0 HaJUIeKalled OpraHU3aluid U YCKOPEHUIO MOBEPXHOCTHOTO CTOKa, a
Tak)Ke OTBOJY aTMOC(EpHBIX OCAJKOB 3a MPE/eNIbl OCBAMBAEMON TEPPUTOPUH BKIIOYAIOT B ceOs
cienyromue padboThI:

NnNepexBaT M OTBOJ IMOBCPXHOCTHBIX BOM, MOCTYHNAKOIIMWX HaA 3alllUIIACMYyI0 TCPPUTOPHIO C
CONPEAEBHBIX C HEH TEPPUTOPHIA;
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YCKOpPEHHE U YHOPSJA0YEHUE CTOKA IOBEPXHOCTHBIX BOJ, (DOPMUPYIOMIMXCS B Ipenenax
3alUIAEMON TEPPUTOPHH;

HEZOIYIEHUE CKOIJIEHUS BO/IbI B KOTJIOBAaHAX, TPAHILESAX, BBIEMKAX U T.II. IIPU IIPOU3BOJCTBE
3eMJISTHBIX Pa0oT.

[lepexBaT NOBEPXHOCTHBIX  BOJ, IOCTYHNAIOIUX C  CONPEAEIBHBIX  TEPPUTOPU,
OCYILIECTBIISIETCS HArOPHbIMU KaHAaBaMH, KOTOPBIE MPOXOIAT BBILIE 3AIIUIIAEMON TEPPUTOPHH.
OTKOCBI M JHO KaHaB [OJDKHBI OBITh 3aIIMIIEHBI OT pa3MbIBaHUS, 3TO JOCTHraeTcs
BBIJICPKUBAHUEM  OINPEACIICHHOIO YKJIOHA JIOTKA KaHaBbl, a TaKkKe IPUMEHEHUEM
COOTBETCTBYIOLIMX MOKPBITUH UITN OOJIUIIOBOK.

CeueHue U yKJIOH KaHaBbl JOJKHBI OOECIIEUNBATh OBICTPHIN CTOK BOJA B BOAOIPHUEMHHK HIIU
€CTECTBEHHYIO TUAPOTpaPHUUECKYIO CETh.

Kak mpaBuio, Tpacchl HArOpPHBIX KaHAB HE JIOJDKHBI HAXOJUTHCA B Mpeleiax 3alluIacMon
TEPPUTOPUH.

[lepexBaT U OTBOJI MOBEPXHOCTHBIX BOJ MOYET OCYHIECTBIATHCA TAKKE MyTEM MPUMEHEHUS
OTpaXIAIOIINX OOBAJIOBAHUN B COYETAaHUH C HATOPHBIMHU KaHABAMHU.

3.3. OTBOA MOXKIEBBIX, TATBIX U MPOYUX MMOBEPXHOCTHBIX BOJ, (GOPMHUPYIOMIUXCS B Ipeaenax
3alllMIIAEMON  TEPPUTOPUHU, OCYIIECTBISAETCS C TOMOINBIO BEPTHKAIBHON IJIAHUPOBKU
TEPPUTOPUU B COYETAHUU C YCTPOMCTBOM IIPOE3JI0B M CETH JMBHECTOKOB OTKPBITOIO WU
3akpeiToro tuna [13, 25].

[Tpu prITbEe KOTJIOBAHOB, TPaHIIEH, BHIEMOK HEOOXOAMMO MPENOTBpalIaTh MOMaJaHHe B HUX
MIOBEPXHOCTHBIX BOJI, a TaK)Ke 0€30TiIaraTreibHO yIalATh U3 3THUX BBIPAOOTOK JTOKAEBHIE BOJIbI
WIM BOJBI OT TasHHUS CHEra. JTO MOXET ObITh OCYIIECTBICHO OpraHu3aluedl BOJOOTIWBA U3
PUSIMKOB-BOJJOCOOPHUKOB, YCTPAWBAEMbIX B HaWHU3IICH 1O OTMETKaM JHA YacTH KOTJIOBaHA.
[Ipu 5TOM mHO KOTJIOBaHA (WJIM BBIPAOOTKH) JODKHO UMETh YKIIOH mopsaka 0,001 B ctopony
OpUsMKa, OTKyJa BOJAA YJaldeTcs HacocaMM W OTBOJUTCSA 3a NPENesbl 3acTpauBacMou
TEPPUTOPHHU.

IIpomexxyTOK BpEMEHUM MeEXKAy OTPBIBHOM KOTJIOBaHAa WIM TpPAHIIEH M  YKIAIKOU
¢GbyHIaMEHTOB, KOMMYHHUKAIUH U T.II. TOJKEH ObITh MUHUMAJIbHBIM.

[locne ycrpoiicTBa (yHIAMEHTOB WIM YKJIaJKM KOMMYHHMKAIMHA KOTJIOBAaHBl M TpaHIIEH
JOJIKHBI 3aChUTAThCS TPYHTOM C MOCIEAYIOIIMM €ro yrjaoTHeHueM. [Ipu 3ToM HeoOXoammo
o0ecreynTh OTBOJ MOBEPXHOCTHBIX BOJ OT TIIATEIHHO 3a/leIaHHBIX Ma3yX KOTJIOBAHOB C TEM,
YTOOBl YCTPAHUTH 3aCTOM 3TUX BOJ B TIPyHTaX OOpaTHOW 3aChIIKM U MOCIEAYIOUIYIO HX
UHQUIBTPALUIO B MOACTUIIAIONINE TOPOIBL.

INOBBIINEHUE IIVNTAHUPOBOYHbBIX OTMETOK

3.4. VcKycCTBEHHOE TMOBBILIICHUE IIJIAHWPOBOYHBIX OTMETOK ITOBEPXHOCTH TEPPUTOPHH
OCYIIECTBIISICTCS ITYTEM IOJCBHIIKM WM HaMbIBa TPYHTA NMPEUMYLIECTBEHHO Ha MONMEHHBIX H
3a00JI0YEHHBIX y4acTKaX M MOXKET OBbITh BBHIMOJIHEHO HAa BHOBb OCBAWBAEMBIX (HE3aCTPOCHHBIX)
Tepputopusx [3, 29].

Bb160p OTMETOK MOBEPXHOCTH TEPPUTOPHH, CIUIAHUPOBAHHON B pe3yJbTaTe MOJCHINKH MU
HaMBIBa, OIPEJEISETCS BEIMYMHONW HOPMBI OCYHICHHUS (KOTOpas, B CBOIO OYEpe/b, 3aBHCUT OT
MOJIOKEHUS OBITOBOTO 3€pKajla TPYHTOBBIX BOJ, TIIIYyOWHBI 3aJ0XeHHUA (YHIAMEHTOB H
KOMMYHUKAIUH ), TpeOOBaHUSIMH CAHUTAPHOTO 0JIArOyCTPOMCTBA U JIP.

[Ipu ocymiecTBIEHUH HMCKYCCTBEHHOTO TIOBBIIICHUS OTMETOK TEPPUTOPHH HEOOXOAUMO
COOJIIOIaTh YCIIOBHSI E€CTECTBEHHOTO JAPEHUPOBAHUS IOJ3EMHBIX BOJ W HE CO3/aBaTh WX
noamnopa. B wactHocTH, 1O TajgbBeraM OBpParoB M BOJOTOKOB, SIBJISIOIIUXCS €CTECTBEHHBIMU
JpeHaMH, HEOOXOJMMO MPOKIAABIBATE APSHAXKHBIE TPYObI U TOJIBKO ITOCIE 3TOTO MPOU3BOIUTH
HOJICHINKY WM HAMBIB TPYHTA.

I'pyHTBI MCKYCCTBEHHOH MOJCHINKH SBISIOTCS XOPOIINM aKKyMYJSTOPOM BJIart, BCIEICTBHE
4yero HeOoOXOJMMO B OIPENEICHHBIX CIIydasX IpelycMaTpUBaTh YCTPOHCTBO B HUX CUCTEM
ocynieHusi. Heo0XommMoCTh OCyIIeHHsS HACHITHBIX TPYHTOB OIpEAEsIeTcs] (GMIbTPAIIMOHHBIMU
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CBOWCTBAMHM HACBHIIHBIX (HAMBIBHBIX), a TaKXe MOJACTUJIAIOIIUX TPYHTOB €CTECTBEHHOTO
CIIOKEHUA.

[Ipu OConpIIMX TUIOIIAASX MOJCHITKA HEOOXOAMMO PAaCCMOTPETh BOMPOC O MPUMEHEHHH B
OCHOBAaHMU HACBIITHOT'O CJIOS CUCTEMAaTUYECKOIO IPEHAXKA.

NPEAYIPEXJIEHUE YTEYEK W3 BOJOIMPOBOIAIINX COOPYKEHUI

3.5. YTeukn BOIBI W3 BOJIOHECYIIMX KOMMYHHKAIMA M BOJOCOJEPXKAIIMX COOPYKEHUH
UTPAIOT OCHOBHYIO POJIb B MOATOIUIEHUH TEPPUTOPHM, MOITOMY MX HPEAYHPEKIACHUIO JTOIKHO
OBITH yneneHo oco0oe BHUMaHue. Bo Bcex ciydasix 3Tu paboThl MPHOOPETAIOT IEPBOCTETICHHOE
3HaYeHHe U TpeHeOpexxeHHMe uMU Hejomyctumo. Ecnu, HecMOTps Ha TpoBeneHHE
IpeIyNpEeaUTENbHbIX MEPONPUSATUI, YCTAHOBJICHO TMOSBICHHE YTEUYEeK aBapUilHOrO WK
MOCTOSTHHOTO XapaKTepa, TOr1a JOJKHBI ObITh MPUHSATHI HEOTIIOKHBIE MEPBI IO UX YCTPAHEHUIO.

[IpenynpexaeHue yTedeKk M3 BOJOMPOBOISAIIMX COOPY)KEHHUH (BOJOMPOBOJIHBIE U
KaHAJIN3alMOHHBIE CeTH) obecrieunBaeTcs OCYILECTBICHUEM OpraHU3alMOHHBIX,
9KCIUTYyaTAllMOHHBIX U KOHCTPYKTHBHO-TEXHOJIOTHYECKUX MeponpusaTuii [15].

3.6. OpranuzanMoHHBIE MEPOIPUATHUS JOJDKHBI 00ECTIEUUTh BBIOJHEHHUE KOMIUIEKca padoT
[0 MOHTaXy U YCTPONCTBY BOJIOHECYIIIMX KOMMYHUKALIUNA B TOYHOM COOTBETCTBUU C MPOEKTOM.
[Tpu 5TOM 0c000€ BHUMAHKE TOJKHO OBITH O0OpAICHO Ha:

IPUMEHEHHE MaTepHalioB TPyOONpPOBOAOB, OTBEUAIOIIUX TPEOOBAHUSIM KOPPO3MOHHOMN
CTOMKOCTH OTHOCUTEIILHO MPOIYCKAEMBIX 110 HUM KUIKOCTEH;

cOOJIIO/ICHNE TPOEKTHBIX YKIIOHOB; YKJaJKa Oe3HAmopHBIX TPYyOONpPOBOJIOB C OOpaTHBIMHU
YKJIOHaMH HE JI0MyCTUMA;

oOecrnieueHre HaJIeXKallero OCHOBaHUS BOJIOHECYIITUX TPYOOIIPOBOJIOB;

o0ecrieyeHne HaJIe)KHOCTH BOJIOHECYIIUX TPYOOIIPOBOIOB IO YCIOBUSAM BO3/ICHCTBUS HAa HUX
BHEIIHUX Harpy3o0kK;

CO3/laHMEe M OCHAIEHUE CIYKObl JKCIUTyaTallid, TOJHOCTBIO  YKOMIUICKTOBAHHOM
HEOOXOUMBIM MEPCOHAIIOM M TEXHUYECKHUMHU CPEICTBAMHU.

Ha camoTe4HO-HaMmOpHBIX BOJOBOJAX CJIEIYET MPEAyCMaTPUBATh YCTPOMCTBO pas3rpy30YHBIX
KaMep WJIM YCTaHOBKY ammnapaTyphl, MPeJOXPaHSIOMIUX BOJOBOJbI OT MOBBIINICHUS AABIICHUS
BBIIIIE TIPE/IeNa, JOMYCTUMOTrO JJIs IPUHSITOTO BUIA TPYO.

Cnenyer mpenycMmarpuBaTh pas3zelieHUE BOJONPOBOJHON CETH HAa PEMOHTHBIE YYacTKH C
o0ecreyeHneM UX COOTBETCTBYIOLICH apMaTypoil 1 000pyI0OBaHUEM Ui OTKJIIOUEHUS Ha BpeMs
pemonTa. Heo6xoamumo Takxke npeaycMaTpuBaTh MEPhI 3alIUThI OT THAPABINYECKHUX yIapOB.

3.7.  DKcITyaTallMOHHBIE  MEpOMPHUATHS  JOJDKHBI  TPEIyCMaTpPUBaTh  BBIOJHECHUE
HEOOXOAMMOT0  KOMIUIEKca paboT 1o  OOeClmedYeHWI0  HOPMAIbHOW  JKCIUTyaTalluu
BOJIONTPOBOIHBIX U KAHATU3AIMOHHBIX CETEH M COOPYKEHUI HAa HUX, B TOM YHUCIIE:

coOJIO/ICHNE TIPaBUJI TEXHUYECKOW OJKCIUTyaTallMM COOPYKCHHH M CeTeH, OmNpeaeisseMbIX
MOJIOKEHUSIMUA COOTBETCTBYIOIIUX MHCTPYKITUH;

o0OecrieyeHre CHCTEMaTHYeCKOro HaA30pa 3a COCTOSHUEM BOJOHECYIIUX CHUCTEM U
CBOEBPEMEHHOE YCTPAHEHUE 3aMEUCHHBIX HEUCIIPABHOCTEH;

CBOEBPEMEHHOE OCYIIECTBIIEHUE MEPONPUATUI MO TEKYIIEMYy M KalmUTaJbHOMY PEMOHTY
BOJIOHECYIIIMX CHCTEM; O3TH MEPOIPHUITUS OIPEACNIIOTCS YCTAaHOBJICHHBIMU CpPOKaMH
HNEPUOANYHOCTH PEMOHTOB, a TAKXKe MOBPEXKICHUSIMHU BOJIOHECYIIINX CUCTEM;

co0JTI0/IeHHE TPABUIIBHOTO PEXUMa pabOTHl HACOCHBIX CTaHILIUMH;

IpaBWJIbHAsg OpraHM3alMs BOJOBBIMIYCKOB Ha BOJOCTOKAaX, B YacTHOCTH, JIMBHEBOMU
KaHAIM3aUuu (OYMCTKA OT JIbJa, MycCOpa, HAaHOCOB, COJAEpXaHHWE B TOPSIKE 3aTBOPOB Ha
BOJIOCTOKAX Ha cllydyail MX 3aTOIUICHUS MTaBOJAKAMH U JIp.).

3.8. B KOMIUIEKC KOHCTPYKTUBHO-TEXHOJOTHUECKUX MEPOIPHATHN IO MPEeayNpeKACHUIO
yTeueK BXOJIUT IMpoOBeleHUE paboT MO 00ECNEeYeHUIO BOJOHEMPOHUIIAEMOCTH COEAMHEHMI
BOJIOHECYITNX KOMMYHUKAIIUK, TIOBBIIICHUIO HAJEKHOCTH pPa0bOThl 3TUX KOMMYHUKAIIHA,
CBOEBPEMEHHOMY OOHAPYXEHHUIO yTeUYEK U3 BOJAOHECYIUX TPYyOOIPOBOIOB U JIp.
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OpHuM U3 AeMCTBEHHBIX MEPOIPHUATHH 1O MPEIOTBPALICHUIO YTEUYEK SBISETCS TepPMETH3AINS
CTBIKOBBIX COEIMHEHUN BoJOHecymux TpyO. [Ipu 3TOM BOJOHENPOHUIIAEMOCTH COEIMHEHUN
obOecrieunBaeTCs MPUMEHEHHEM PE3MHOBBIX YIIOTHUTEIHHBIX KOJEI, MAHXKET M TEHHKOBOTO
VILUTOTHSIIOIIETO MaTepHaa.

B xadectBe Takux THOKHX YIUIOTHHTENEH MOTYT OBITh PEKOMEHIOBaHbI PE3UHOBBIC MAHKETHI
b-1 u b-2, usroraBauBaembie mo TY 38-105.895-75 Munnedrexumnpoma CCCP u I'OCT
21053-75; pe3unoBble komnblia kpyrioro cedenus (TY 38-105.1092-77 MunnedTexummnpoma),
NPUMEHSIEMbIE JUIsSl KeJIe300€TOHHBIX U acOeCTOLIEMEHTHBIX TpPYyO; pe3MHOBbIE YIJIOTHSAIOIINE
konbiia ¢urypaoro ceuenuss (COCT 5228-76*) mist caMOYIUIOTHSIIOIUXCS acOECTOIEMEHTHBIX
mybt tHma CAM [47]. Kpome obOecniedeHHs] TE€PMETUYHOCTH CTBIKOBBIX COCIUHECHHM,
NPUMEHEHHUE YKAa3aHHBIX YIUIOTHUTENCH MO3BOJSET 0OECIeYnBaTh OMPENCICHHYIO «THOKOCTHY
COEIMHEHUH, YTO MPEMATCTBYET UX PACKPHITHIO U CHUYKAET ONMACHOCTh yTEYEK.

3akperuieHue CMOJISIHOM WM OWTYMHU3MPOBAHHOW MPSAM OCYHIECTBISETCS C IOMOIIBIO
MOJIUCYIb(UIHBIX (THOKOJIOBBIX) MACTUK-TEPMETHUKOB, TPUMEHSIFOIIMXCS ISl KaHATU3aHOHHbIX
HaMOpPHBIX KOJUIEKTOpoB. [Ipu aToM repmetux 51-YT-37A npumensiercs st TpyOOIpOBOJOB €
MaKCHUMaabHbIM pabounm aaBineaueM 0,5 MIla, a repmeruk Kb-1 (I'C-1) - myst TpyOOIIpoBOIOB ¢
MaKcUMalIbHBIM pabounM gasienueM 0,1 MITa.

[IpuMeHeHre 3TUX TePMETHKOB MOKET OBITh PEKOMEHJOBAHO IS MPEAOTBpAIICHUS YTEUeK
Yyepe3 CTBIKM CTOYHBIX JKUAKOCTEH, COIepXkalluX CepHYIo, (ochOopHYI0, COIIHYIO KHUCIOTH U
TUAPOOKHUCH HATPUS ITPU KOHLEHTPALMU BOJAHBIX PAaCTBOPOB 3TUX BemecTs 10 10 %.

Ocoboe BHMMaHHE HEOOXOIUMO oOOpamaTh Ha TEpPMETH3AIMI0 BBOJOB BOJOHECYIIUX
KOMMYHHKAIMI B KOJOMIBL. DTO MOXKET ObITh JOCTUTHYTO YCTAaHOBKOM 3aMOHOJMYEHHOTO B
CTEHKE KOJIOJILIA OTpe3Ka TPyObl, B KOTOPHII BABUTAETCS BOJAOHECYyIlass Tpyba ¢ yCTpOWCTBOM
3ACTUYHBIX T€PMETU3UPYIOIINX PE3UHOBBIX KOJIBIEBBIX MPOKJIAJI0K B MEKTPYOHOM 3a30De.

3.9. Ogaum u3 Hanbosee 3(h(HEeKTUBHBIX CIOCOOOB MPETOTBPAIICHHUS OCTYIUICHUS YTEUCK U3
BOJIOHECYITX KOMMYHHUKAIIUH B TPYHTHI ABJISIETCS MPOKJIaKa 3TUX KOMMYHUKaUK B QyTispax,
MOJTYTIPOXOJHBIX ¥ TPOXOTHBIX KaHallaX, CHAO0XKEHHBIX COMYTCTBYIOIIUM JpPEHAXKEM WU
IPOTUBOGUIBTPAIIIOHHBIMH, THAPOU30IUPYIOIIUMH MOKPBITUSMHU.

YCTpOUCTBO TakuX TOHHENEH PEKOMEHAYETCS B YCJIOBHUSAX CTECHEHHOM IPOKIIAIKU
KOMMYHHUKAIIMil WM HaJIW4YUs JOBOJIBHO IUIOTHOM HUX CETH, a Takke NpHU MPOKIaIKe
KOMMYHHKAITUI B JIECCOBBIX TPYHTAX.

YTeukn, mocrynaronme w3 TPYOONpPOBOAOB B TOHHEIM U (YTISIpbl, coOMparoTcs B
CIeIMallbHbIE BOJOCOOPHBIE KOJOIIBI, YCTPAUBAEMbIE BIIOJIb KAHAIOB. DTH KOJOALBI JOJKHBI
UMETh TIIATEIbHO BHINOJHEHHYIO THAPOU3OJIALINIO, a TAKXKE YCTPOWCTBO IJid OTOOpa U OTBOJA
MOCTYMAIONIMX B KOJIOJEIl BOJI.

Jnst  omMHOYHBIX TPYOOINPOBOMOB HEOONBIIMX IUaMETPOB A(OPEKTUBHBIM CPEICTBOM
mepexBara YTEUeK SIBJISCTCS YCTPOMCTBO B OCHOBAaHMM TPYOOINpPOBOJAA YIUIOTHEHHOTO
TIMHUCTOTO 3KpaHa tommmHor 0,15 - 0,2 M Bmoas Bcedl nuHUM TpyOompoBoda. [Ipu sTtom
3aIMTHOE JEHCTBHE TIIMHUCTOTO SKpaHa MOXKET OBITh YCHJICHO MPUMEHEHHEM MOJIUMEPHBIX
MJICHOK, OUTYMU3aIuel TIIMHUCTON MacChl | JIp.

Bronb nuHUM TAaKOTO dKpaHa YCTPAWBAOT BOJOCOOPHBIE KOJOMILL [Ipy 3TOM MOBEPXHOCTH
9KpaHa UMEET YKJIIOH B CTOPOHY KojoameB B mpenenax 0,001 - 0,002.

TUAPOU3OJIANNA TIOA3EMHBIX YACTEH 3JAHHUH, COOPYXXEHHH H
KOMMYHUKAIIAIA

3.10. Jlns mnpenoTBpaiieHuss NOATOIUIEHUS TPYHTOBBIMM BOJAMHU IMOJ3EMHBIX YacTel
COOPYKEHHM U TpPeaynpexIeHUs NTPOHUKHOBEHHUS CHIPOCTH B IOABAJbI, TOHHEIU U T.J.
IPUMEHSIOT 3aIIUTHBIE THAPOU30IUPYIOLIHE MTOKPBITHS, COOPYKAaeMble B BUI€ 000JI0UEK BOKPYT
MOJ3EMHBIX YaCTE COOPYKEHUI Yalle BCETO MO UX BHEIIHEH MTOBEPXHOCTH.

B 3aBucmmocTu 0T BUJa HUCIOJB3YyCMOI'O MaTcpuajia pa3jndaroT THUAPOU3IOJISIIUN
acdanbToBbIe, MJIACTMACCOBBIE, MUHEpPAJIbHbIE U METAJUIMYECKUE, MO CHOCOO0Y BBIMOIHEHUS -
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OKpacoOYHbIE, ITYKaTypHbIE, JTUThIC, OKJIEEUHbIE, MOHTUPYEMbIE, IPONUTOUYHbIEC, UHbEKIIMOHHBIC
u 3aceinHbie [36].

3.11. Oxkpacounass ruapouzoisiuus (puc. 25, a) TNpPUMEHSETCS, B OCHOBHOM, JUIA
MPEIOTBPALICHHUs] BO3JCHCTBUS Ha COOPYXKEHHUS KaNWUISPHON BJIarud M BBINOJHSIETCS B BHJE
HECKOJIbKUX CJI0€B IUICHKOOOPA3YIOMIMX IKUAKUX WM IUIACTHYHBIX THUIPOU3OISIIHOHHBIX
MaTepuaioB, HAHOCHUMBIX Ha 3alllMIIAEMYyI0 IOBEPXHOCTh ITHEBMATHYECKUM HAalbUICHUEM,
HAOpBI3rOM TOJl BHICOKMM JaBJICHHEM, OKPACKOW KHUCTAMU U T.M. IIpu 3TOM HCHONB3YIOTCS
OMTYMHO-TIOJIMMEPHBIE W TOJIMMEpPHBbIE Kpacku npu ToimuHe cios oT 0,05 mo 1 mm. OOmas
TOJIIIMHA OKPACOYHOU THAPOU3OISIUN MOXKET IOCTUTATh 4 MM.

3.12. lltykarypHas THAPOU3OIAIUA (PUC. 25, 6) PEKOMEHIYETCS IS 3alTUThI 3arTyOJICHHBIX
yacTeil COOpY)KEHHH OT NPOHMKHOBEHHS TPYHTOBbIX Boa. OHa mnpezacTaBisieT co0oif
BOJIOHETIPOHUIIAEMBIE TOKPBITHS ToamMHON 10 - 25 MM, HaHOCMMBIE Ha 3al[UIIAEMYIO
MOBEPXHOCTh IITYKAaTypHBIM CIOCOOOM. B kauecTBe Mmarepualia TOKPBITHS MPUMEHSIOTCS
X0Jio/1Has acGaibToBask MITYKaTypKa U MITYKaTypKa U3 KOJUIOUJHO-IIEMEHTHBIX PACTBOPOB.

XomnonHasi acdanbToBas INITyKaTypka HpPEACTaBIsSeT COOOW MAacTHUKYy M3 CMECH OUTYMHBIX
SMYJIBCUOHHBIX MACT C Pa3IMYHbBIMH MUHEPAIbHBIMH MOPOUIKOOOPA3HBIMU HAMOJIHUTEISMU; X
cienyeT MPUMEHATh KaK JUIsi TOBEPXHOCTHON THAPOU3ONAIUU (B TOM YHUCIE TIPU TeMIlepaType
noBepxHoctd A0 80 °C), Tak W Ia 3amnojgHEHUs AePOPMAIMOHHBIX IITBOB TIPH 3aIlHUTE
MOA3EMHBIX MOMEIIEHUHN U Tajlepell OT 3aTOIUICHUs TPYHTOBBIMU BOJaMH MpH HAropax 110 15 m.

MacTtuka HaHOCHUTCA B JBa Cios oOmed TommuHou mo 10 - 15 MM Ha mpeaBapuUTEIbHO
MOATOTOBJICHHYIO H30JUPYEMYIO MOBEPXHOCTh (OUUIIEHHYI0 U TPYHTOBAHHYIO Pa3KMKEHHOU
OMTYMHOU MacToi). B OTHenbHBIX clTydasx MacTUKa HAHOCUTCS B TPH CJIOSI OOIIEH TOJIIIMHOMN 10
20 MmM. HaHeceHme MAaCTHKU OCYIIECTBISIETCS IIyTeM HAOPBI3TUBAHUS CIICIHUATHHBIMU
anmaparaMy WIM BPYYHYIO C MOMOUIbIO HITYKAaTYpHOIO MHCTPyMEHTa (MacTepokK, LINaTreilb U
T.11.). Kaxzaplii mocienyromuii cioil MacTUKU HAHOCUTCS TOCJE BBICHIXaHUS U 3aTBEPACHUS

MPEABIIYIIETO.
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Puc. 25. Tunsl N0BepXHOCTHON T'HAPOU30JISILIUH

a - OKpaco4Hasd; o0 - HmTyKaTypHas; 6 - JHUTad; 2 - OKJICCUHad; o - MOHTUpYEMAad; € - IMPOINUTOYHAA; OfC -
HUHBCKIIMOHHAs, 3 - 3aChIITHasA

1- n30JMpyeMasl KOHCTPYKIUA; 2 - T'PYHTOBKAa OCHOBAHUS; 3 - TUAPOU3OIAINOHHOC TIMOKPBITUE, 4 - 3alIUTHOC
OrpaxxJIcHUC

Komnounno-nementHeiii pactBop (KIIP) mpencraBnser co0oil BBICOKOAMCIIEPCHYIO CMECh
necka W BHOpomosnororo moptiaauementa. KIIP mpurorommsercs mo mnpaBuiamM OOBIYHOTO
TOPKpEeTa ¥ MPUMEHSETCS Ul 3alIUThl MOA3EMHBIX OMEILIEHUI U rajgepell OT MPOHUKHOBEHUS
TPYHTOBBIX BO/, 06J1a;[a10m1/1x 6OJ'II~;H_II/IMI/I HAITOPpHBIMH, a4 TAKXKC MPU TUAPOU3OJIAINN BHCITHUX
MOBEPXHOCTEM OT TeMieparypHbix BozaeiictBuil g0 200 °C. Ilpu 3TOM peKoMeHayeTcs
HaHECEHUE pacTBopa B JiBa cios: nepBbiid - KIIP MOBBIIEHHONW MPOYHOCTH, @ BTOPOM CIIOW -
yepes yac - u3 KIIP HopMaiibHO# IPOYHOCTH.

3.13. Jluteie rtumpomsossimuu  (puc. 25, 6) BBHINOJHSIOTCA W3  TBEPJCIOIINUX
OpraHOMHUHEPAILHBIX PACTBOPOB, B OCHOBHOM ac(albTOBBIX, B BHUIE CMECH OUTYMOB C
MOPOIIKOOOPA3HbIMU HAMOJHUTENSIMU. B KauecTBO HANOJHUTENS NPUMEHSIOTCS MOJIOThIE
HU3BCCTHAKHN MW OOJIOMMTHI, Kap60HaTHI>Ie JICCCBhI, KAaOJIMHBbI, CCPICHTHUHUT, aHI[CSI/ITOBBII\/'I u
n1aba30BbIN MOPOIIKY, TOPTIIAHAIIEMEHT, MEJ U Ap.
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Jlutbie OpraHOMHMHEpaJbHbIE TOKPBITUS YCTPAMBAIOTCS IYTEM pO3JMBAa TOPSYETO
ac(hambTOBOTO pacTBOpa Ha TOPHU3OHTAIBHYIO TMOBEPXHOCTH CjoeM TojmuHo 10 cM wim
3aJIMBKU PacTBOpPA B MOJIOCTh MEX/1Y ONalyOKoil 1 BEpTUKAJIBHOM 3aIUIIaeMON TOBEPXHOCTHIO.

3.14. Oxneeunast rugpou3osanus (puc. 25, &) MPUMEHSIETCS MPEUMYIIECTBEHHO TSI 3aIUThI
MOA3EMHBIX TMOMEUIEHUN OT MPOHMKHOBEHHUS KaNMWUIApHON Biard. B kauecTBe OKIIEEUHBIX
MaTepUasoB UCIOJIb3YIOTCS THAPOU30II, CTEKION30JI, TOJUATUIICHOBAS IJIEHKA U JIp.

I'uapouson mpexacraBiseT coboil acOecTOLEUIIONO3HBI KapTOH, MPOIMUTAHHBIA OUTYMOM.
KapTton HakienBaeTcsi Ha U30JIMPYEMYIO IIOBEPXHOCTh TOPSUYMMHU ac(anbTOBBIMH MU
ourymHpiMu MactukamMu Mapok MBK-T'-55, MBK-I'-75, MBK-I'-85 u MBK-I-100 (mudpa
O3HAYaeT TeMIleparypy pasmsrdyeHuss mactuku). [locie okielku ABYMS-TpeMs CIIOSIMU
THIPOM30J1a €T0 MOBEPXHOCTh OKPAIIUBAETCS.

Crexnon3osl mpencraBisier co0oit  creknoxoncT BB-K, mokpeiThiii  pe3smHOOMTYMHOM
MacTHKOM. CTEKIIOM30J1 HaKJIENBAIOT Ha 3alUIIAEMYIO IOBEPXHOCTh B ABA-TPH CJOs, IPUMEHSA
IpU 3TOM OUTYMHO-PE3WHOBBIE U OMTYMHBIE MAaCTHKH, a JUIsl TOPU3OHTAIBHBIX TOBEPXHOCTEH -
ouTym.

[TomusTunenoBass 1uieHKa ToiammHOM 0,2 MM TOpUMEHsieTCs Uil TUAPOU3OJISIIUU
TOPU30HTAJIBHBIX U HAaKJIOHHBIX IUIOCKOCTEN. BepTukaabHbIE MIOCKOCTH AOJKHBI, KPOME TOTO,
3alIMIIATBECd OKPACOYHOM Truapousonsuueit u3 3TuiaeHoBor kpacku OKIKC-40. Bo3moxHo
TaK)K€ COUYETaHHE THMAPOU3OJISAIUN U3 TUICHKH Ha TOPU3OHTAIBHBIX MJIOCKOCTSX U IITYKATYPHBIX
WIM JIUTBIX TUJIPOU3OJSIMM - HAa BEpTUKAIBHBIX. [l 3alUTHl MOJMATUICHOBOM IJIEHKUA OT
MEXaHUYECKUX TMOBPEXKACHUN TMOJ HEe U CBEpXy YKIAAbIBAIOT MEpraMuH  WIH
OMTYMH3UPOBAHHYIO OyMary.

Pynonnele MaTepuansl (CTEKIOW30J, TMAPOU30J) CTHIKYIOTCSI BHAXJECTKy IO IIMPUHE HE
MeHee 10 ¢cM B TPOIOJIBHBIX CThIKAX U HE MeHee 20 CM - B TONIEPEYHBIX.

[lonuaTuneHoBas IJIEHKAa CBApUBAETCS IIPU IMOMOLIM TEPMOMMIYJIbCHOTO II0J03a WIH
3JIEKTPOYTIOTa.

3.15. MonTHpyemasi TUAPOU3OISIIHs (pUC. 25, 0) MPENCTaBIseT COOOW MPUKPEIUICHHBIE K
3aIUIIAeMOI TOBEPXHOCTH MEXAHUYECKUM CIOCOOOM JIMCTHI U3 CHHTETHYECKHUX, MOJTUMEPHBIX
WM METAJUTMYECKUX MaTEepPUAIOB.

3.16. IIporuroyHas U MHBEKIMOHHAS (PUC. 25, e, Jc) THAPOUIOISAIUN YCTPAUBAIOTCS B TEX
ClIydasX, Korjga OTCYTCTBYET WJM 3aTpyJHEHa BO3MOXKHOCTb JOCTylla K 3alllHdIacMoin
MOBEPXHOCTU. DTU BUbI THAPOU3OJISIIUHN OCYIIECTBISIOTCS MTyTEM MPOMUTKH BCETO CIIOSI TPYHTA
(MM ero yacTd), NPHJIETAIOUIET0 K 3alIMIIAeMOM TOBEPXHOCTH, THAPOU3OIUPYIOIIUMU
pacTBOpaMu M KOMITO3ULIMAMU, HAIIPUMEP >KUIKUM CTEKJIOM U JIp.

3.17. 3aceimHast rUApOU30IISALUS (PHC. 25, 3) BBINOJIHACTCS B BUE 3aChINKH ToammHoi 10 - 50
CM B IPOCTPAHCTBO MEXAY ONATyOKON WM UIMYHTOM U 3allUIaeMONd TMOBEPXHOCTHIO
ruipooOHBIX opoIkoB. [Tocie ycTpolicTBa Takoi 3aChINKH MMa3yXy KOTIOBAHOB 3alIOIHSIOTCS
[JIMHUCTHIM FPYHTOM WJIM TIMHOOCHTOHUTOBBIMH CYCIIEH3USMHU.

ITPUCTEHHBIE, IINTACTOBBIE U COITYTCTBYIOIMUE JPEHAXKN

3.18. YcTpolcTBO MPUCTEHHBIX, COMYTCTBYIONINX U IJIACTOBBIX JIPEHAXEH BXOIUT B COCTAB
IPEAYIPEAUTEIBHBIX MEPONPUATHM, NMPEIOXPAHSAIOIINUX OTACIIBHBIC 3[aHUS U COOPYKEHHS OT
MOATOIJICHUSI TPYHTOBBIMHU Bojgamu [37, 42]. Takue npeHaxku, Kak MPaBUIIO, COOPYKAIOTCS B
nepuoa CTpOUTCIbLCTBA U NPCIHATCTBYIOT MOABEMY YPOBHA I'PYHTOBLIX BOJ IO 3alllUIIaCMbIMHA
COOPYKEHHSIMH, a TaKK€ CHIDKAIOT BO3MOXKHOCTH JIOMOJHHUTENHBHOTO WH(UIBTPALHOHHOTO
IMUTAaHUA TPYHTOBBIX BOJ 3a CHCT NICPEXBATa U OTBOAA YTCUCK M3 3alIUIIACMbIX COOpy)KeHI/II\/'I C
MOKPBIM TEXHOJIOIMUYECKHUM LIUKIIOM, OTCTOWHUKOB, PE3EPBYapOB, BOJAOHECYITUX KOMMYHUKALIUN
U JIp. OTU JAPEHAXH CIOyXkKaT TakXkKe JUId OTBOAA BEPXOBOIKH, (popMmupylomieics B ma3yxax
byHIaMeHTOB, TpyHTaX 0OpaTHOM 3achIKH, TpaHiuel u aAp. [IpucTeHHble U MIacTOBble IPeHAXKU
yCTpauBaIOT OJTHOBPEMEHHO C YCTPONUCTBOM CaMUX 3aIIUIIAEMBIX COOPYKCHU.

[IpucTeHHble OpeHa)KU NPUMEHSIOTCS JUIsl MPEAOTBpAIllEHUs MOJITOIUIEHUS COOPYKEHUIA,
PacIoIOKEHHBIX HA BOAOYIIOpE, MPEIATCTBYSI OOKOBOMY MPUTOKY IPYHTOBBIX BOJ CO CTOPOHBHI,
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a TaKke JApeHHpYysd HWHQWIBTPALMOHHBIE BOJbI, HAKaIUIMBAIOLIMECS B TPYHTaX oOOpaTHOM
3aChINKH (DYHIAMEHTHBIX MMa3yX, TPAHIIEH H KOTIIOBAHOB.

3.19. Ilpuctennnie apeHaxu (puc. 26, @ - 2) TPEACTABIAIOT COO0OW BEPTUKAIBHBIC WU
HAKJIOHHbIE (DUIBTPYIOIINE MPHU3MBI, COUWICHCHHBIC B HIDKHEH YacTH C APEHAKHOU TpPyOoid,
UMEIOIIEH COOTBETCTBYIOIIUM 00pa3oM MOA00paHHYIO (PHUIBTPYIOIIYIO OOCBHIIIKY M3 PBIXJIOTO
NIECYaHO-TPABEIUCTOTO MaTepHaia WiIH (QHIBTPYIOIIYI0 O00EPTKY W3 TKAaHOTO WJIM HETKaHOTO
MatepHaia - CTeKJIIOTKaHb, MUHEPAIbHBIN BOWIOK U Ap. OUIBTPYIONINE TPU3MbI BBIIIOIHAIOT U3
NIECUYaHOTO MaTepuajja WM W3 MOPUCTOOCTOHHBIX IUIMT, OJOKOB W T.N. [IpuMep BBITOTHEHHS
NPUCTEHHOTO IpeHaka C IPUMEHEHUEM MTOPUCTHIX TUIUT MPUBEIEH Ha puc. 26, 6.

7
§ g 3
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Puc. 26. KoHcTpyKTHBHBIE CXeMbl IPUCTEHHBIX APeHaxkKeil

n

1 - 3amuTHOE COOpYXEHHE;, 2 - ruapousosanus; 3 - mebeHb, 4 - MEecoK; 5 - MmecuaHO-TPaBUHHBIA CIIOW; 6 -
TIMHUCTO-IIICOCHOYHASI TIOJITOTOBKA; 7 - PEeHaXKHAs TpyOa; 8 - HeMOHKEHHBI YPOBEHb TPYHTOBBIX BOJ; 9 - KpuBas

nernpeccun; 10 - tuinta u3 nopucroro 6erona; 11 - tpy6odmisTp; 12 - rpyHT 00paTHOM 3aCHINKH

3.20. ITnacroBeie npeHaxu (puc. 27, a - 8) IPUMEHSIOTCS JJIS 3alUThI 3arTyOJICHHBIX YacTei
COOPYKEHHH TMPH YCIOBUHU, YTOOBI JHO KOTJIIOBAHOB W TPAHIICH HE TOXOAMIIO IO BOJAOYIOPA.
[IpuMeHeHne MIacTOBBIX APEHAKEH 0COOCHHO 11eJeCO00pa3HO B CIIA00NPOHUIIAEMBIX TPYHTAX.

OCHOBHBIMU KOHCTPYKTUBHBIMU 3JICMCHTAMH IIACTOBBIX z[peHaxceI‘/'I ABJIAKOTCA II€CYAHO-
TpaBUIHBIC CIIOH, YJIO)KEHHBIC B OCHOBAaHWH 3aIIUIIAEMOT0 COOPYXCHHS M MMEIOIINE YKIOH B
OJIHY U3 CTOPOH BHEIIHETO KOHTYPa COOPYKCHHSI.

Bona, orGupaemas wu3

GUIBTPYIOMUX

CJIOEB,

CHa0XEHHBIMU OOPAaTHBIM (PHIIBTPOM, C YKIIOHOM B CTOPOHY BOJIOTPUEMHHKA.
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Puc. 27. KOHCTPYKTHBHBbIE CXeMbI IJIACTOBBIX JIPeHaKel

a, 6 - TPAANIIMOHHBIX KOHCTPYKIHH; 6 - C IPUMEHEHNEM TTOPUCTOTO OeToHa

1 - sammimaemoe coopyxeHue; 2 - THAPOU3OIINS;, 3 - MPWKAMHAs CTeHKa; 4 - TIIMHSIHBIA 3aMOK; 5 - TecdaHo-
rpaBUUHBIN cioif; 6 - mecok; 7 - mebens: 8 - apenaxHas Tpyba; 9 - cnoit mopucrtoro 6erona; 10 - mumuThl U3

nopucroro 6erona; 11 - pybopuisTp
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Puc. 28. KoHcTpyKTHBHBIE CXeMbl IJIACTOBBIX COMYTCTBYIOIINX APeHaKel

a - 0OBIYHOM KOHCTPYKLIMHK; O - C IPUMEHEHHEM 3JIEMEHTOB U3 OPUCTOrO OeToHa
1 - BooBOABL; 2 - 3aIIMIAEMOE COOpYXKEHHE; 3 - IIeCYaHO-TPpaBUifHas cMech; 4 - mebeHb; 5 - qpeHaxHas Tpyoa; 6 -
TIIMHOOETOHHAS MOJIrOTOBKA; 7 - IPEHaKHBIN Kostozielr; 8 - mmTa u3 nopucroro 6etona; 9 - tpybopmisTp

3.21. ComyrcTBytomue apeHaxu (puc. 28, a, 6) MPeACTaBISIIOT Pa3sHOBUAHOCTD IIJIACTOBBIX
z[peHamef/'I JICHTOYHOro THUIIa U YCTPAWBAKOTCA JIsI MNOPCAOTBPAICHHUA  IMOATOIIJICHHUA
KOMMYHUKAaIMi, KaHAJIOB, rajepeil, OCHOBaHUW MPOe3/10B U JAp. Takue ApeHakhu MOTYT UMETh
3HAYUTEIBHYIO POTSHKEHHOCTD IIPU HEOOJIBIION IIHPUHE.

BoponpruemMHrKkaMu IpeHaXHBIX BOJ MPUCTEHHBIX, IJIACTOBBIX U COMYTCTBYIOMIMX JIpeHaXKEN
MOT'YT 6I>ITB BOAOCTOYHAsA CCTb, B OTACIBHLIX ClIydadX - KaHaJlu3alluOHHasd CCTb WA
CIeIMalIbHbIE pPe3epBYapbl-BOJOCOOPHUKH, OTKyZa JpPEHaKHbIE BOJbBI IEPEKaYMBAIOTCS B
JINBHCBBIC UJIM KaHAJIU3AIIMOHHBIC KOJIJICKTOPHI.

BEHTWIALNOHHBIE IPEHAXHU

3.22. BeHTHIAIMOHHBIN JpEeHaX MpeIHa3HaueH I 3alIUThl OT TOATOIJICHUS U YBIAKHEHUS
TPYHTOBBIMH BOJAMH 3arylyOJIEHHBIX 4YacTed 3[JaHHil M COOPYXKEHH, pacroJIOKEHHBIX Ha
crmabompoHuIaeMpix rpyHTax. Ocyrraromiee ACHCTBHE €ro OCHOBAHO HAa CO3/IaHWU B TPYHTE
TPAaJIMEHTA BJIArOCOJAEPKaHUs, O JECHCTBUEM KOTOPOrO Bjara JBHKETCS K CTEHKE IPEHbI, I/Ie
ucnapsiercss ¥ B MapooOpa3HOM BHJIE YHOCHUTCS TPOAYBaEMbIM IO JpPEHE BO3AYXOM B
OKpyXarolyo cpefy. Takum o00pa3oM JOCTUraeTcs OCYIIEHHE KalWUIIPHOM KalMbl U
CHIDKEHHUE YPOBHSI IPYHTOBBIX Boa [12, 17].

B 3aBucMMOCTM OT IJIaHOBOM KOHCTPYKIIMM M B3aMMHOIO PAacCIOJIOKEHHUS JApEHaxa |
3aIIUIIAeMOr0 00BEKTa Pa3INyYaloT JMHEHHBINA, KONBIICBOW, MPUCTEHHBIM M TUIACTOBBIA THUIIBI
BEHTWISALIMOHHBIX JIPEHAXKEM.

B cocTtaB BEHTWJIALIMOHHOTO JIpE€Ha)Xa BXOAST BOAONPUEMHAS YaCTh (IPEHAXHBIN AJIIEMEHT),
KaHaJIbl JUI MOJBOJA M OTBOAA BO3AyXa B JIPEHAXHBIA AJIEMEHT, CMOTPOBBIE KOJOILBI H
YCTPOMCTBA JJIs1 OpraHU3alMK IBHXKCHHS BO3TyXa.

3.23. OcHOBHbIE KOHCTPYKTUBHBIE TPEOOBaHMS K BEHTHISILIMOHHOMY JAPEHAXY 3aKII0YAI0TCS
B CJIEAYIOIIEM:

obecnieunTh paBHOMEpHOE (06€3 00pa30BaHUs 3aCTONHBIX 30H) ABMKCHHUE BO3/TyXa IO APEHAM;

00€ecIeunTh YCTOMYUBOCTh TPYHTOB B 30HE €T0 KOHTAKTa C JPEHAKHOW 3aCHITIKOM;

OpraHW30BaTh JIBIXKEHUE BO3JyXa TaK, 4YTOOBI OH TOKUAAN JPEHAKHYIO CHCTEMY B
COCTOSTHUH, OJIM3KOM K HACHIIICHHOMY;

o0ecrneunTh MaKCUMAaJTbHO BO3MOXKHYIO TMOBEPXHOCTh KOHTAKTa BO3[yXa U OOJyBaeMOTo
rpyHTa (MaKCUMaJIbHO Pa3BUTh MTOBEPXHOCTH JAPEHBI);
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O6eCHe‘II/ITB MHWHUMAJIBHO BO3MOXKHOC COIPOTHUBJICHUC BO3AYHIHOI'O TpaKTa JABUKCHHUIO
BO3/IyXa.

HOCHGI[OBaTGHBHOG CTPCMJICHUC YOOBJICTBOPUTH MNCPCUHUCICHHBIM Tpe6OBaHI/I$IM BBI3BIBACT
HEOOXOAMMOCTh KOHCTPYKTHBHOTO O(GOPMIICHUS OCHOBHOTO (BOJOTPHEMHOTO) 3JIEMEHTa
BEHTWISIIIHOHHOTO JpEHaka B BHUJE 3aMOJHEHHON TpyOO3epHHCTHIM MaTepuaioM (1eOeHb
dpaknwmii 20 - 40, 30 - 50) apeHaKHOU IIeNTH, CHA0KEHHON MBYMS KOJUIEKTOpPAMU IS TTOJa4H U
0TBO/Ia Bo3ayxa (puc. 29).
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Puc. 29. Tunbl BeHTHJISIHHOHHOTO IPEeHAMkKA

a - TIACTOBBIN; O - IPUCTECHHBIN; 6 - TMHCHHBIN

1 - oOpartHas 3achlnKa; 2 - CTEHA COOPYXKEHUs; 3 - MIeOCHOYHAs IMOATOTOBKA; 4 - HATHETATENLHBIA KOJUIEKTOP; 5 -
meOeHOYHBIH (MIIBTPYIOMINI CIIOH; 6 - BBIIIYCKHOM KOJIJIEKTOp; 7 - OCYIIAeMbIl TPYHT; 8 - NBYXCIIOMHOE MOKPHITHE
U3 TepraMuHa

BBuay TOro, 4ro MHTEHCHBHOCTb OCYLICHHMS BEHTHISIHOHHBIM JPEHA)XEM HEBEJIHKa,
YCTPOMCTBO TPyOUATHIX APEH HElleIecoo0pa3Ho.

3.24. B 3aBUCHMMOCTH OT THUNa JApEHa)ka BOJONPUEMHBIH 3JEMEHT IpPEACTaBIsSET COOOU
TOPU30HTAIBHYIO JIPEHAKHYIO TOCTENb, YJIOXKEHHYI0 B OCHOBAaHUHU COOPYKEHHUs (TIaCTOBBIN
JpeHaX), WIN YCTPOEGHHYI0O B TPYHTE BEPTHUKAJIBHYIO JPEHAXHYIO IIENb, HEMOCPEICTBEHHO
MPUICTAIONIYI0 K CTEHE 3allUIaeMoro o0bekTa (MPUCTEHHBIA IpEeHaX), MO0 yIaJeHHYIO OT
Hero Ha pacctosiHue 3 - 10 M (THHEWHBIN 1 KOJBIIEBOM PEHAXKN ).

JpeHakHy10 MOCTEeNb MIACTOBOTO ApeHaxa (puc. 29, a) ycTpauBaroT, YKJIaIbIBask CJIOU IIeOHS
tonmuuon 0,2 - 0,4 M Ha mpenBapuTeNbHO CIUlaHUpoBaHHYIO ¢ ykioHom 0,003 - 0,005 B
CTOPOHY HarHeTaTebHOTO KOJIJIEKTOpA TOBEPXHOCTh TPYHTA OCHOBAHUS COOPYKEHHUSL.

B oTnenpHBIX ciaydasx ¢ HENbl0 CHIKEHHS MOTPEOHOW MPOM3BOJUTEIBLHOCTH BEHTHIISATOPA
JIPEHAXHYIO MOCTEh PACCEKAIOT YJIOKEHHBIMH B IIAXMATHOM IOPSIJIKE JIaraMH WM 3eMJISTHBIMU
masikamu (puc. 30). IIpu 3TOM yaydmiaroTcss YCIOBUS IUPKYISLUU BO3ayXa (yMEHbIIAeTCs
OMACHOCTh BO3HUKHOBEHHUS 3aCTOMHBIX 30H), CHIDKAETCS MOTpeOHasi MPOM3BOAUTEIHLHOCTD
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BEHTWJISITOPA, HO YBEIMYMBACTCS BEIMYMHA HAMopa W BO3pACTaeT HEOOXOAMMAash MOITHOCTH
JBUTATENsl  BEHTWIATOpA. JIpEHAXHYIO  IOCTENb  IEPEKPBIBAIOT  CIOEM  PYJIOHHOTO
TUAPOU3OJSILIMOHHOTO MaTepuana (TOJb, MEpPraMUH) C ILEJIbI0 MPEIOTBpAIICHUS MOMaJaHus
MaTepuaia MOKphITHA B IeOEHYATYIO 3aChIIKY.
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Puc. 30. [1nacToBbIii BEHTUWIALHMOHHBIN IPeHAXK

a - paspes; 0 - IaH
1 - ecTeCTBEHHBIN IPYHT; 2 - 3¢MITHOM MasiK; 3 - BBIITYCK BO3myxa; 4 - 3a00p BO3ayxa

Jlanee B COOTBETCTBUU C MPOEKTOM KOHCTPYKIIMHU I0OJIa COOPYXKEHHUsS YKIIAJbIBAIOT CIION
HACBIITHOTO TPYHTA (36MJISTHBIC TTOJIBI) MIJTH JIeTIAl0T OETOHHYIO MOJATOTOBKY (O€TOHHBIC TTOJIHI).

JlpeHaxHyI0 IeTb JHHEWHBIX W KOIBIEBHIX JpeHaxked (cMm. puc. 29, 6, ) BBINOIHSIOT
CrenuadbHBIMM MexanusmMamu [42, 45], kak mpaBwio, 0e3 KpeIUIeHHs, ¢ OJHOBPEMEHHOM
YKJIAJIKOW HarHEeTaTeIbHOTO KOJUIEKTOPA M 3aChINKOH IIeOHEM.
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Puc. 31. KoHcTpyKTHBHBIE cXeMbI KOJIOALEB BEHTUJISIIMOHHOTO IPeHaka

a - CMOTPOBOH KOJIOJIEL; 6, 6 - BO3IyX03a00PHBIH U BBIITYCKHOW KOJOALBI
1 - rpyHT 00paTHO# 3aChINKH; 2 - BBITYCKHOM BO3IYXONpPOBOJ; 3 - 1eOeHb; 4 - HarHeTaTenbHbIH TpyOoonpoBo; 5 -
JI0K; 6 - KomoJielr; 7 - ocyIlaeMblil TPYHT; 8 - BEHTHIISITOP

JpeHa)kHYI0 IIPOCIOMKY IIpM YCTPOMCTBE IIPUCTCHHOIO JPEHAXKA BBIOJIHAIOT IIEpPE]
3aChINKOM ma3zyx KotioBaHa. [Ipu 3TOM HEOOXOIMMO MPUMEHSTH BPEMEHHOE COOPHO-IIMTOBOE
KpeIIeHHE.

3.25. HarnerarenbHBII ¥ BBITYCKHOM KOJIJIEKTOPBI MIPEACTABIISIIOT COO0M TPpYOBI MK KOpoOa
U3 COOpPHBIX JJIEMEHTOB C MephOpPUPOBAHHBEIMU CTeHKamH. llemecooOpa3HO UCHONB30BaThH B
KayecTBe KOJUIEKTOPOB TMOKHE BUTHIE MOIHMXJIOPBUHWIOBbIE TpyObl [37]. Juamerp u umcio
OTBEpCTUi B TpyOax BHIOMPAIOT U3 YCIOBHUA, 4TOOBI CKOPOCTh BO31yXa He mpeBbimana 25 - 30
m/c.

Kananer 111 mozxBonma, OTBoga  BO3Ayxa  (BO3AYXOBOJBI) — M3TOTABIMBAIOTCS U3
acOECTOIIEMEHTHBIX, KEPaAaMUYECKUX WM JKEIe300€TOHHBIX TPyO OOBIYHOTO COpPTaMEHTa C
3aJeNKON CTHIKOB. [Ipu 3TOM nuamerp TpyO ompenensercss THAPaBINYECKUM pacdyeToM Tak,
9TOOBI CKOPOCTh BO37yXa B KaHajie He mpeBbimana 8 - 10 m/c. Kanansl mpokimaasiBaroTCs ¢
ykinoHom 0,01 - 0,005 mo xony ABM)KEHHS BO3[yXa, B KOHEYHOH TOUYKE YyCTpauBarOTCs
OTCTOMHMKY JJ1s1 cOOpa BIIary.

CMOTpOBBIE KOJIOAIBI YCTPAaUBAIOTCSI B MECTaxX IOBOPOTa BO3AYXOBOJIOB WM, NMPH JIMHE
NpSAMOJIMHEHOTO y4acTka cBbimie 100 M, yepe3 kaxasie S0 M.
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3.26. KoHCTpyKIIMsST BO3IyXOBOJOB, CMOTPOBBIX KOJIOAIICB M WX CONPSDKEHUN JOJKHA
UCKIIIOYaTh TPUCOCHI M yTeYKH Bo3ayxa. Jliast aToro cmorpoBbie Kosomibl (puc. 31, a)
HE00X0MMO CHaOIUTh aAuadparMamMM C TEPMETHYHO 3aKPBIBAIOMIMMUCS JIOKamu. JIoku
JIOJDKHBI 00eCIeYuBaTh CBOOOIHBIN JOCTYI 00CTYKMBAIOIIETO MEPCOHAIA.

Bo3nyx03a0opHbIe ¥ BBIMTYCKHBIE KOJOMIBI-IIAXThI (pUC. 31, 6, 8) MOJKHBI BBHIMOIHITHCS B
COOTBETCTBUU C pEKOMEHIanusMu [8], Tak)ke OMOJHMB WX OTCTOMHUKaMH I cOopa
KOHJICHCATa ¥ TPAaBUTAIIIOHHON BIIATH.

OPTAHU3AINUA CKIAIUPOBAHUSA OTXO40B ITPOU3BOACTBA

3.27. YnopsioueHre 1 OpraHn3alus OTBAIBHOTO X035 CTBA MPOMBIIUICHHBIX MPEANPUIATUN U
IUTAaH CKJIAJUPOBAHUS OTBAJIOB, TBEPABIX M JKUJIKUX CTOKOB JIOJDKHBI pa3padaThIBaThCS
OJTHOBPEMEHHO U B YBA3KE C MPOSKTOM IUIAHUPOBKH H 0JIar0yCTPOHCTBA TEPPUTOPHUH.

Pa3smeneHue CTpOUTENBHBIX U MTPOU3BOJICTBEHHBIX OTBAJIOB HA TEPPUTOPHH MPEIIPHUATHS HE
I[OHYCKaeTCH. MGCTa CKHaI[I/IpOBaHI/I}I TBep,Z[BIX HpOMI:II.HJ'IGHHI:IX OTBAJIOB IOOJI’)KHBI BBIGI/IpaTBC}I
TaKuM 00pa3oM, 4TOOBI OHU HE MPEIATCTBOBAIN €CTECTBEHHOMY CTOKY IMTOBEPXHOCTHBIX BOJI, T.C.
HpeI/IMYH_[eCTBeHHO Ha OTMCTKax, 60.]'[66 HU3KHUX, II0 OTHOLICHHUIO K TeppI/ITOpI/II/I, SaH[HHlaeMOﬁ
OT BO3MOKHOTO ITOATOIIEHUS.

MGCTa CKJIa,Z[I/IpOBaHI/IH KHUIKUX OTBAaJIOB MM OTBAJIOB, y.HO)KeHHBIX FI/I,Z[paBJII/I‘IeCKI/IM
croco0oM, JTOJDKHBI OBITH O0OPYIOBaHBI JpEHAXXKEM Il OTBOJA HWHQUIBTPALMOHHBIX H
0TpabOTaHHBIX BOJI B CIy4asX, KOTrJa HHPHIBTPALUS aTMOC(HEPHBIX U TEXHOJIOTHYECKUX BOJ U3
OTBAJIOB BBI3BIBAET OIMMACHOCTH MO ITUTHIBAHUS WM 3arPsI3HEHUS TPYHTOBBIX BOJI.

HOBerHOCTb TBepI[BIX OTBAJIOB J0OJI’KHA 6I>ITB CHJIaHI/IpOBaHa, aB HGOGXOZ[I/IMBIX CJ'Iy‘IEUIX Ha
HUX YCTPAUBACTCS CETh BOJOOTBOISAIINX JOTKOB WJIM KaHAB.

IMPOTUBO®UJIBTPAIIMOHHBIE DKPAHBI 1 3ABECHI

3.28. IlpoTBOGUIBTPAIMOHHBIE YCTPOWCTBA (dKpaHbl W 3aBECHl) MPUMEHSIOTCS IS
MPETpKICHUS JBIKEHUSI TPYHTOBBIX BOJ K 3alIMIIAEMBIM OT TMOJTOIUICHUS COOPYKCHUSM U
mIomaakaM (MpoTUBO(UILTPAIIMOHHBIC 3aBECHI), a TaKXKe IS MepexBaTa WHQPMIBTPAIMOHHBIX
BOJI, IOCTYMAIOMIMX M3 BOJOBMELIAIOIINX HA3€MHBIX U MOJ3EMHBIX €MKOCTEH U COOPYKEHHH -
pe3epByapoB, OTCTOWHUKOB, HIJTAMOX PaHHJTHIIL, HaAKOIUTEIICH CTOKOB
(MpOTUBOPHUIBTPALIIOHHBIE SKPAHBI).

[TpotuBOGUIBTpainOHHBIE 3aBechl (puc. 32) mpumenstorces s [37, 42, 45, 46]:

IperpaxIeHHsI TOTOKA CO CTOPOHBI PEK, KAaHAJIOB U IPYTHX BOJOEMOB;

npeoTBpalieHus GUIBTPAINN M3 KAaHAJIOB U Pa3IIMYHBIX 0ACCEHHOB.

3.29.  IlporuBodumibTpallMOHHAs  3aBeca  MPEACTaBIIeT  CO0OW  BEPTUKAIBHYIO
HETPOHUIIAEMYIO TITOPY B TPYHTE, PACHOJOXKEHHYIO C OJHOW MM HECKOJIBKHUX CTOPOH OT
ucrouHuka ¢unprpanmu. HawubGonee 3¢¢dexkTuBHB NPOTHBOGUIBTPALIMOHHBIE — 3aBECHI,
JIOBEJICHHBIC 10 BOJOYMOpa WM JO ClIa0ONMPOHUIIAEMBIX TPYHTOB C KodhduimeHToMm
dusTpanuu He 6onee 2 - 107 m/cyT.

YCTpoiicTBO POTHBOMMIBTPAIMOHHBIX 3aBEC OCYIIECTBISICTCS HHBEKIIMOHHBIM METOJIOM H
METOJIOM TPaHIIEHHBIX CTEHOK.

J1711 MHBEKIIMOHHBIX TPOTUBOPIIIBTPAIIIOHHBIC 3aBECH PEKOMEHTYETCS] IPUMEHSTH:

B CHJIBHOTPEIIMHOBATHIX W 3aKapCTOBAaHHBIX TOPOJAX - TyCThle IIEMEHTHO-TIUHUCTHIC
pactBopsi cocTaBa 1 : 2-1:3;

B TIOJTYCKaJIbHBIX TIOPOJIax - CHIIMKATU3AIHIO C TIOCIEYIONIeH IeMeHTaIueiH;

B KPYITHO3EPHHUCTHIX TIECKAX - TITMHOIIEMEHTHBIC M TJIMHUCTHIC PACTBOPBI, & TAKIKE CMOJIBL;

B Cpe/IHE- U MEJIKO3EPHHCTHIX MECKax - KapOaMHIHbIE CMOJIBI;

B MEJIKO3EPHUCTHIX TecKax ¢ Koddduimentom duibTpanuu a0 5 M/CyT Kpome CMOJ
MPUMEHSIETCS TaK)Ke€ PAaCTBOpP CHUIIMKATa HATpHs C OTBepAUTeNeM n3 (HOCPOPHOM KUCIOTHI MU
QIIOMUTAHA HATPUSI.

B nnax v rmmHaxX UHBEKIMOHHBIA METOJ] CO3/IaHUS 3aBEC HE MPUMEHSETCS.
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Puc. 32. Cxema npoTuBOPUIbTPALMOHHOM 3aBeChI

1 - ropu30HT BOMBI B HIKHEM Obede; 2 - TOPU3OHT BOABI B BepxHeM Obede; 3 - ypoBeHb BOABI B OTCTOWHUKE; 4 -
BOJIOYIIOP

HHBbEeKIIMOHHBIE 3aBECHl COOPY)KAIOTCSI METOIOM IOATAHOTO pa30ypUBaHUS CKBAXKUH C
NOCJIEAYIONMM HarHeTaHWeM B HUX TBEPACIOLINX pacTBOpoB. Ha mepBoM sTame paccrosiHue
MEXly CKBa)KMHaMU cocTaBisieT 8 - 10 M; Ha Ka)KJJOM MOCJEIYIOIIeM dTare CKBaXXUHBI OypsT B
IPOMEXYTKAaX MEXIy CKBaXMHAMH, MPONJACHHBIMU Ha MPEABIIYLIEM 3Tare, - 10 JAOCTHKCHHS
HEOOXOIMMOM CIUIONIHOCTH COOPY>KaeMOM 3aBECHI.

3.30. MubeknmonHble 3aBechl (puc. 33) BBIMOIHAIOTCS MyTeM HAarHETaHWs TBEPIACIOIINX WM
HETBEPJICIOLIUX pacTBOPOB B TpyHT. [Ipu 3TOM pekoMeHAyeTcss NPUMEHSTHh LIEMEHTHBIE,
TJIMHOIIEMEHTHBIE, TIIMHUCTBIC PACTBOPHI, & TAKIKE CHITMKATHBINA T€ITh M CMOJIBI.

[lemeHTallMOHHBIE 3aBEChl MPUMEHSIOTCS B CKaJbHBIX BOJOYCTOMUYMBHIX MOpOAax C
packpbiTieM TpemuH 6onee 0,1 MM NpH CKOPOCTH OBM)KEHHUS TPYHTOBBIX BoX He Ooiee 600
M/CYT, a TaK)K€ B TaJICYHUKOBBIX W TPABEIUCTHIX OTIOXKECHHUAX ¢ KOdhdUummeHTamu QpribTpanun
80 - 500 m/cyr. IIpu HaMMUMU BOAOPACTBOPHUMBIX MHUHEPAJIOB CKOPOCTH MOTOKA TPYHTOBBIX BOJ
He J0JKHA TpeBbimath 300 M/cyT.

B rpyHTOBBIX BOJaX, arpecCMBHBIX [0 OTHOIICHUIO K IIEMEHTaM, NPUMEHEHHUE
[EMEHTAIIMOHHBIX 3aBEC HE 11eJIeCO00pasHo.

[leMeHTaAIIMOHHBIE PACTBOPHI TOJDKHBI TIPUTOTABIMBATHCS HA MOPTIAHIIEMEHTE MapKu He
Hmwke 300. Kpome TOro, MOryr mNpUMEHSThCA  CyJb(AaTOCTOMKUH  IIEMEHT U
[IJTAKOTIOPTIAHIEMEHT. {151 yCKOpEHUsI CXBaThIBAHUS LIEMEHTHBIX PACTBOPOB MPUMEHSIOTCS
KUJKOE CTEKJIO U XJIOPUCTHINA KaJbIUH, a /ISl MOBBILIEHUS! CTA0UIBLHOCTHU - OCHTOHUT.

[Ipu nemMeHTany rpyHTOB pacTBOP HArHETAeTCs B CKBAXKUHBI MOJI M30BITOYHBIM JaBIICHUEM
ot 0,1 o 0,2 MIla u 6onee (ot 1 70 2 aTm).

[IpuMeHsI0TCS TaMIIOHAXKHBIE IIEeMEHTHBIE PAaCTBOPHI JBYX BHUJOB: OBICTpOpacCIanBarOIIUECs
¢ OOJBITUM BOJOOT/EICHUEM (IIEMEHTHBIC CYCIICH3UN) U CTAOMJIbHBIC PACTBOPHI C HEOOJIBIITUM
BOJIOOT/I€JICHHEM (TJIMHOLIEMEHTHBIE, IIEeMEHTHO-OEHTOHUTOBBIC U T.I1.).

bricTpopaccinanBaromuecs pactBopbl HanOonee 3(pPEeKTUBHBI B CyXUX M BOJOHACBHIIIEHHBIX
TpyHTaX, 3a  HUCKJIIOUYEHHEM  TMOPUCTBIX  CKaIbHBIX M  MOJYCKAJIbHBIX  TOPOJA
(cmabocieMeHTHPOBAHHBIC TTECUYAHUKH, AJICBPOJIUTHI U JP.).

CrabunbHble  pacTBOpbl  OOBIYHO NPUMEHSIOTCI B CYXMX TPyHTax C  TOHKOM
TPELIMHOBATOCThI0. BO3MOXKHO Takke NPUMEHEHHE 3THX PAacTBOPOB C N00aBKOW mecka i
TaMIIOHa)kKa TPYHTOB C KPYIMHOW WJIM CpeAHEH TpPeIMHOBATOCTHIO. D(P(PEeKTUBHO NMpUMEHEHHUE
CTaOUJIPHBIX PACTBOPOB B KOMOMHAIMM C pacciauBaromuMmucs. llpu 3TomM HarHeranue
IPOM3BOIUTCS TOOYEPETHO C YIETOM HEOJHOPOJHOCTH IPYHTOB.
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Puc. 33. Cxema ycTpoiicTBa MHbEeKIIHOHHOM 3aBeChI

a - PacmoJIOKCHUE HHBCKITMOHHBIX CKBaXHH; O - BADUAHTHI HATHETAHUS PACTBOPA B CKBAXKHHY
| - aucxosaumu 30Hamu; |l - Bocxoaamumu 30HaMu
1 - ckBaxxuHa; 2 - Mo/Ia4ya pacTBOpa; 3 - 3aKpCIUICHHAS 30Ha

3akauky pacTBOpa B IPYHT OCYILECTBIISIOT 30HAIBHO yYacTKaMu He 0ojiee 5 M 10 BEpPTUKAIIH.
[Ipu 3TOM BO3MOXHO MHBELUPOBAHHE BOCXOJAIIMMH (B MECYAHBIX M TaJCYHUKOBBIX TPYHTAX)
WJIM HUCXOJSIIMMH (B TPEUIMHOBATHIX CKAJIBHBIX MOPOJIaX) 30HAMHU.

[Ipy HayM4YMKM B CKAJbHOM TPYHTE KPYIHBIX TPEIIMH U KaBEPH B IIEMEHTHBIC PacTBOPEI
NOOaBJAIOTCS TJMHA, MECOK, CYMMHHOK. [Ipu 3akpereHuu KpymHOOOJOMOYHBIX MOpPOJA B
[IEMEHTHBIA pacTBOp JO00ABISAIOTCS TIJIMHA, OCHTOHMUT, a TaKXKe HEKOTOPhIE pEareHThl,
yIIy4dIIaouiie CBONCTBA TIIUH.

B Tex e ycioBusX, 4TO M IEMEHTAIMsI, MOTYT IPUMEHSTHCS TIIMHU3ALIUS U OUTYMH3AIHS
rpyHTOB. OpHAaKo 3TU CHOCOObI TMPUMEHSIOTCS 3HAYUTENIBHO peXe 10 CpPaBHEHUIO C
[IEMEHTAIMel, B TeX CIyd4asx, KOTrJa MMEIOTCS arpecCHBHbBIC K LIEMEHTaM IOJ3EMHbIC BOJBI.
butymuzanus myreM 3aKkaykyd B IPYHT pacIUIaBIIEHHOTO OMTyma NMpUMEHsETCS B IpyHTax (3a
UCKJIIOUEHHEM TPaBEIUCTHIX) ¢ KoapduuuenToM ¢unbrpaunu He 6onee 500 m/cyT, Hampumep,
[P HAJIMYUU B CKaJie KPYMHBIX TPEIIHH.

3.31. Cunukaruzanusi 3aKII04YaeTcsl B LEMEHTUPOBAHUM YaCTHIl TPYHTA TrelieM KPEeMHEBOM
KHUCTIOTBI, 00pa3yeMoil CHUJIMKATHBIMH pAacTBOpPaMU MpPH HMX CMEHIEHHMH C KOaryJIsHTOM.
KoarynsHT MoeT ObITh B BUJIE pacTBOpa WM ra3a. B 3aBHCHMOCTH OT CTETIEHU MPOHULIAEMOCTH
MECYaHbIX TPYHTOB PEKOMEH]IYEeTCS OJIHO- UJTU IBYXPAaCTBOPHBIM CITOCOO CHIIMKATU3AIUH.

[Ipu koxpdunmente punprpanmu rpyata ot 0,5 10 5 M/CyT npuUMeHseTCs] OAHOPACTBOPHBII
Croco0 CHIIMKAaTU3allH, IPU KOTOPOM HCHOJB3YETCsl OJIMH resie00pa3yroninil pacTBOp U3 cMecu
CHJIMKATa HATPUs C KOAryJasHTOM. B 3aBUCHMMOCTH OT KOJIMYECTBA KOATYJISIHTA relib 00paszyercs
yepes ONpeIeTICHHbIN 3aJaHHbIA MIEPUO]T BPEMEHHU.

[Ipu ycrpoiicTBe MpOTUBOPUIBTPAIIMOHHBIX 3aBEC B TPYHTaX ¢ KO3 PuureHToM GriIbTpanun
oT 2 1o 80 M/CyT IpUMEHSIETCS ABYXPACTBOPHBIN CIIOCOO CHIIMKATU3AIMH, TIPH KOTOPOM B TPYHT
3aKauMBAaIOTCS MOOYEPETHO PACTBOP CHIIMKATa HATPUS U KOATYJISHT (XJIOPUCTHIA HATPUIA).

["a3oBas cumukaTU3alys MpUMEHAETCS B IECUaHbIX TPYHTaX ¢ K03 duuuenramMmu GuiibTpanun
ot 0,5 no 20 m/cytr mpu 10O0M COAEp)KaHUM B TPYHTE KapOOHATOB WJIM Turica. B kauecTBe
KOaryJsHTa MCIOJIb3YeTCs YITICKUCIbIA Ta3, HarHeTaeMblii U3 OAJUIOHOB B TPYHT IOCIIE 3aKauKu
CUJIMKaTHOTO pacTBOpa.

Cunukarusanusi He PEKOMEHAYETCS B TPYHTaxX, COJCpKalIMX HE(TSHBbIE MPOIYKTHI HWIN
CMOJIBI, MPHU JAECUCTBUTEIBHOW CKOpPOCTH (UIBTpallMK MOA3EMHBIX BOJ Oojee 5 M/cyT, mpu
BBICOKOM WX IIEIOYHOCTH: I OHOPACTBOPHOTO criocoda pH nomkHo ObITH HE Oonee 7,2, a s
JIBYXpacTBOPHOTO - HE Oouee 9.

3.32. Cwmonuzamusi 3aKiioyaeTcs B HAarHeTaHMM B [€CYAHBIH TPYHT pPacTBOPOB
BBICOKOMOJIEKYJISIPHBIX OpPTaHUYECKUX COETUHEHHH Tuma kapbamujga ¢ 100aBKOM KHUCIOTHBIX
KOAryJISIHTOB (COJISTHAsI WK 1aBesieBast kuciota). [Ipu cogepxanuu B rpyHTe kapoonatos ot 0,1
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1m0 3 % rpynat HeobOxomumo obOpabotath 3 - 5 %-HbIM pacTBOpOM KHUCIOTHL. CMoOIU3aNUs
BO3MOYKHA B TTeckax ¢ kodddunmentom punptpamnuu ot 0,5 10 50 m/cyT.

3.33. VHbeKUMOHHBIE 3aBeChl OOBIYHO ycTpauBarOTca U3 1 - 2 psAAOB IEMEHTAI[MOHHBIX
CKBQ)XMH C paCCTOSTHUEM MEXIY psagaMu 1 - 3 M 1 MeXIy CKBaXHHAMU B psaay 1,5 - 5 m.

[Ipu cunMkaTU3aluy ¥ CMOJU3AIUH TIECKOB 3aKPEIJICHUE CIEAyeT MPOU3BOIUTH 3aX0JKaMHU
cBepxy BHM3. [lpm yBenmdenwn kodpdunmeHTta GUIbTpAIMU C TIyOWHON 3aKperuieHue
IPOM3BOIUTCS CHU3Y BBepX. [IpH ClIOMCTOM CTpOCHHU MECYaHOW TOJIIH, Tie KOI((PUIUCHTHI
buibTpauM CIIOEB OTIWYAIOTCS MO 3HaueHHo Oonee yem Ha 30 %, HarHeTaThb XWMHUYECKUE
pacTBOPHI CIIEyeT pa3/IeNbHO 110 CJI0SM, HAYMHAs ¢ HanboJIee MPOHUILIAEMOTO CIIOSL.

3akperyieHue TpyHTa OCYUIECTBIAETCS IO TJyOWHE 3aXOJKaMH, BBICOTa KOTOPBIX paBHa
JUIMHE TIepOPUPOBAHHON YaCTH UHBEKTOPA € 100aBICHUEM paJinyca 3aKpeIUICHUsI.

HubekimonHoe o0OpylOBaHUE CcleAyeT MNOoA0HpaTh C YYETOM YIENbHBIX pacxXoioB,
TpeOyeMBbIX JaBJICHUH M arpecCCMBHOCTH HArHETaeMbIX XHMMUYECKMX pacTBOpoB. Jlis
WHBEKTOPOB MCIOJIb3YIOTCS CTAIBHBIE TPYOBI - ¢ BHYTPEHHUM JuamMeTpom 25 - 50 Mm.

NHBEKTOphl MOTYT YCTaHABIMBATHCS B 3apaHee MPOOYpEHHBIC CKBAKHUHBI, MOTPYXKAThCS B
TPYHT 3a0MBKOI1 C MOMOIIBIO BO3/1yXa, 3aJaBIUBaThCs. bypeHne cKBaXXUH MOJ MHBEKTOPHI IS
CHJIMKATU3AIlM U CMOJIM3AI[MH OCYIIECTBISIETCS CTAaHKaMHU U 00OpYIOBaHHEM MJISi MPOXOJKH
CKBakuH auameTpoM 60 - 127 mm Ha rimyOuny 15 - 30 m.

Jl11 HarHeTaHUs pacTBOPOB B IPYHT NPUMEHSIIOTCS IUTyHKepHble Hacockl [1C-4b, HC-3, H/I,
niecrepeHyaTeie Hacochl Tuna bI', mMHeBMaTHyeckue YCTaHOBKH, B COCTaB KOTOPBIX BXOJUT
emkocTh o0beMoM 0,5 - 1 M, BbIiepkuBatomias nasinenue no 0,8 Mlla (8 artm). Ilepexauxa
pPacTBOPOB MpeayCMaTPUBAETCS 1O PE3MHOTKAHEBBIM IIJIAHTaM C BHYTPEHHUM JuameTpom 12 -
25 MM, BeiiepkuBatouM aasieHue Ao 3 Mlla (30 atwn).

BenuunHa naBneHUs TNpU HarHeTaHWWM CUJIMKAaTHBIX U CMOJISIHBIX PAacTBOPOB JIOJKHA
npexycMaTpuBaThesi mpoekToM. [Ipu HarHeraHuu A0 TIyOuMHBI 15 M mpenenbHas BeTUYHUHA
JaBJICHUsI HE JOJKHA IMPEBBIIIATh: MPH OJHOPACTBOPHOM CHIIMKATU3ALMKM U cMoiu3aiuu - 1
Mlla (10 atu), npu aByxpactBopHoii - 1,5 MlIla (15 atn).

3.34. TlpotuBOHMIBTPAIIMOHHBIC 3aBECHI, BBHITIOJHIEMBIC METOJOM TPAHIICHHBIX CTEHOK,
NpPEACTaBISIIOT OO0 BEPTUKAIBHYIO CTEHKY B TPYHTE, YCTPOSHHYIO B Y3KOH TpaHiiee,
3aIOJIHEHHOM TBEPJCIOIIMM UM HETBEPACIOIIMM HellpoHUlaeMbiM MaTepuanom. [llupuna Takux
3aBec cocraBiageT 00saHO 0,4 - 0,8 M.

Haubonee >¢ddexTnBHO mprMeHEeHnEe AAaHHOTO TUIIA 3aBEC B HECKONBKHUX TpyHTax. OmgHaKo
BO3MOXHO YCTpoiicTBO 3TuX [1d3 1 B CKalNbHBIX TPyHTaX HEOOJBIIONH MPOYHOCTH (NECYAHUKH,
AJIEBPOJIUTHI, APTUJUIUTHI U T.I1.).

B xauecTBe TBEpICIONIMX MAaTEPUAIOB MIPUMEHSIOT OCTOHBI U TPYHTOOCTOHBI HA LIEMEHTHOM,
MOJIMMEPHOM, OUTYMHOM U JpPYTrUX BSKYIIMX. B KauecTBe HaMOJIHUTENEH MOTyT OBbITh
UCIIOJIb30BAaHbl CYTJIMHKH C J100aBKaMU TJIMHUCTBIX cycrieH3ud (6eHToHuT U ap.). [Ipu stom
[JIMHUCTBIE YACTHUIbl KOJBMATHUPYIOT MOPbI TPYHTA, 00pa3zys MPaKTUYECKH HENPOHHUIAEMYIO
TJIMHUCTYIO KOPKY.

[Ipy npuroToBiIeHUH pacTBOpa U3 OEHTOHUTOBBIX TJMH €ro YAEIbHbI Bec IOJKEH
HaxoauThes B npexpenax 1,05 - 1,15 re/em’, a Ipy IPUMEHEHUH TJIMH Apyrux tumos - 1,1 - 1,3
re/em®,

Jns  yay4iieHus TOKas3aTened TIMHUCTOTO pacTBOpa HCHOJB3YIOTCS [T00aBKU B BHJEC
KaJbIIUHUPOBAHHOM MM KayCTUYECKOM CObI, KapOOKCUMETHIIIEITI0NI03b], (ochaToB, n3BeCcTH
U T.1.

3.35. Jlnsg coopyXeHHsI TpaHIICHHBIX MPOTHBOPUIBTPAIIMOHHBIX 3aBEC MPUMEHSIOTCS
pa3iuyHbBle MAalIMHBI M 000pyHOBaHHME, KOTOpble MOTYT OBITh CIEHUAIN3UPOBAHHBIE U
HeCMelHalu3UpOBaHHbIE, T.€. B OCHOBHOM IpeJHa3HAYCHHbIE ISl BHIOJHEHUS JPYIHMX BUIOB
pabor.

K cneunanuszupoBanubiM oTHocsATCs TpaHmeekonatenb ['TK konctpykumu BHUUICa,
6appaxusie MamHel BM-10/0,5 1 BM-50/0,5 konctpykuuun BUOI'EMa, arperatst CB/[-500 u
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CB/-500P xonctpykmuu ['mapomnpoekra (KueBckoe otaeneHue), rpeddepbl KOHCTPYKIIUU
®ynnamentnpoexta, HUMOCITa, HUUCIIa u np.

Kpome Toro, nnsi mOpoXOAKM 3aBeC TPAHIICHMHOrO0 THUMA MTPUMEHSIOTCS CEpUiHBbIC
3eMJIEpOIHbIE MAILIMHBI CO CIIEUANIbHBIM HABECHBIM 000PYJOBaHHEM: SKCKaBaTOp-IpariaiH O-
652, sxckaBarop 3-1001, sxckaBaTop oOparHas jonara.

bonee moapoOHO BOMPOCH MPOEKTUPOBAHUS U YCTPOMCTBA MPOTUBO(DUIBTPALIMOHHBIX 3aBEC
OCBEIIAI0TCS B CIICHUANBHOM auTeparype [45, 46, 49].

3.36. IIpoTuBOodUIBTpPAIMOHHBIE AKpPAaHbl PEKOMEHIYETCS NPUMEHSATH TPH YCTPOUCTBE
[UIAMOXPAHWINIL, Ha3€MHBIX U MOA3EMHBIX PE3epBYapoB U T.N. Takue 3KpaHbl MPEICTaBISIOT
co0o0il TUIOmIaHbIE YCTPOWCTBA, BBHIMOJHEHHBIE W3 OJHOTO WJIM HECKOJbKHX CJOEB
HEMPOHUIIAEMBIX MaTEPUAJIOB, KOTOPHIE MOTYT COYETAaThCsl C APECHUPYIOLUIMMHU YCTpOMCTBAMU
tuna GuabTpyrommx nocreneit u ap. [30].

Haxonsat npuMeHeHue cleayronme KOHCTPYKIIUU MPOTHBO(PHIETPAIIMOHHBIX 3KPAHOB!

OJIHOCJIOBHAS INIMHUCTAS;

JIBYXCJIOMHAs TIIMHUCTAS;

TO K€, C MOJIM3TUIICHOBBIM TUIECHOYHBIM IOKPBITUEM;

TO e, C IPUMEHEHUEM ac(abTOOETOHA.

OHOCIIOWHBIN TIIMHUCTBIN SKPaH MPECTABISET COOON CIION YIUIOTHEHHOH TJIMHBI TOJIIUHON
0,5 - 1 M ¢ ko dummenTom drbTpammu He Gomee 107 m/cyt. IIpi MpUMEHEHNH TAKOTO SKpaHa
HE yJ1aeTcs MOJHOCThIO YCTPAHUTD MMOTEPH KUJIKOCTH M3 3aLIUIIAEMOT0 XPaHUIHUIIA.

Jlsis OBBIIIEHUS 3AIIUTHOTO A eKTa ycTpauBaeTcsi ABYXCIOWHBIA TTIMHUCTBIA KpaH (puc.
34, a), coctosmuii U3 ABYX MPOCIOEB YIUIOTHEHHOW IJIMHBI C IUIACTOBBIM JAPEHAXXEM MEXIY
HUMH.

DKpaH C MOJMATHICHOBBIM MOKpPHITHEM (puc. 34, 0) BBINONHIETCS U3 MOJUITUICHOBOMN
mwieHku TonuwHoi 0,2; 0,4 unu 0,6 MM, KOTOpas yKJIaJbIBA€TCS Ha BBIPABHUBAIOIIMM CIOU
MeCYaHOll MOArOTOBKM JHOO Ha BBIPOBHEHHYIO M YKaTaHHYIO MOBEPXHOCTh 3KPAHUPYEMOTO
TpYHTA.

CoenuHeHrE IJIEHKH B CIUIOIIHOE BOJAOHENPOHUIAEMOE MOKPBITUE OCYLIECTBISIETCS MyTEM
CKJICMBAaHUSl WJIM CBapKd OT/AEJbHBIX JIGHT CIEelUaJbHbIMU anmnapatamu. lloBepx miieHKH
YKJIAAbIBACTCS 3alIUTHBIM CIIOM TpyHTAa JUIsl NPEJOXPAaHEHHs IUIEHKHM OT MEXAHWYECKUX
noBpexacHuid. TomrHa BRIPAaBHUBAIOIIETO M 3aIIUTHOTO CIOEB OOBIYHO MPUHUMAETCS PaBHOU
0,15-0,2 m.

J1s1 NOBBILIEHUS HAJEKHOCTH OJHOCIOWHOIO IUICHOYHOIO HKpaHa BO3MOXKHA YKJIaJKa
MOBEPX IUIEHKH YIJIOTHEHHOTO CJIOS IVIMHMCTOIO TPYHTAa, UIPAOLIET0 OJHOBPEMEHHO M POJIb
3aIIUTHOTO TMOKPBITHSI.

[IneHOYHBI 5KpaH MOXET HMMETh M JBYXCJIOWMHOE CTPOEHHWE B CIlydasX, KOrja HYXHO
o0ecreynTh MaKCHMaJbHO HAAECKHOE OSKPAaHMPOBAHUE 3aIIUIIAEMOI0 COOPYKEHHUS JUIS
NIPEAOTBPALIECHUS YTEUEK B TPYHTHI.

JIBYXCIIOWHBIN MJICHOYHBIM 3KpaH COCTOUT U3 JIBYX CIIOEB MOJMITUICHOBOH TUIEHKH (puc. 34,
8), Pa3lENCHHbIX MEXIy COOOW CII0eM IMeCUYaHOT0 TPYHTA, WIPAOIIEro poOJib IIACTOBOTO
npeHaxxa. OTBOJ BOJIBI U3 MTECUYAHOTO CJIOSI OCYIIECTBISIETCS TPYOUaThIMU APECHAMH.
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Puc. 34. Cxembl NpOTHBOQUIBTPANMOHHBIX IKPAHOB

a - NBYXCIIOWHBIN TIIMHUCTBIN dKpaH; 6 - OHOCIONHBIN TIICHOYHBIN DKPaH; @ - ABYXCIOWHBIN IJICHOYHBIH dKpaH; & -
acGarpTOOETOHHBIN PKPaH; O - YCHIICHHBIH ac(albTOOCTOHHBIA SKpaH

1 - 3amUTHBIA CIIO#; 2 - TJIMHSHBIA CIOW; 3 - IPEHUPYIOMKN CiI0H; 4 - BRIPAaBHUBAIOLIUKA CIIOH; 5 - ApeHa)KHas
TpyOa; 6 - ruieHka; 7 - mopucTelii GuiIbTpylOmMil acdanbroberon; 8 - acdanpToberoH; 9 - mpoTpaBIeHHOE
OCHOBaHHE

AchanbTOOETOHHbIE 3KpaHbl PEKOMEHJIYeTCs MPUMEHSTh AJs pPe3epByapoB M E€MKOCTEH,
COJIepIKaIINX KHUAKUE MPOTYKTHI, HE 00JIaaI0IIIe CUIBHOIIEIOYHON PEaKIIHEH.

AcdanprobeToHHBIE dKpaHbl (puc. 34, 2) ycTpamBalTCsS U3 acPalbTOBBIX MaTEpPHAIOB U
MPEJCTABISIIOT COOOW CIUTOmIHbIE TOKpBITUS TommuHo 0,3 - 0,4 M, ykinaapiBaeMble Ha
CHelralbHOE OCHOBaHUE, MPOTPaBIIEHHOE sigoxuMukatamu. [loBepxHOCTh acdanbToOETOHHOTO
MOKPBITHUS CIIEAYEeT MOKPHIBATH CIIOEM JIMTOTO ac(hambTOBOrO pacTBOpA MIIM MACTUKH TOJIIIHHON
10 - 20 mm. IToBepx achambTOOETOHHOTO MOKPHITHS YKIIAIBIBACTCS 3AIIUTHBINA TIIMHUCTHINA CIIOM.

Ha xpanunuiax BpeIHBIX CTOKOB acaibTOOCTOHHBIC SKPaHbI BEITIOTHSIIOTCS ABYXCIOHHBIMU
(puc. 34, 0) ¢ yCTpOHWCTBOM MEXIy CIOAMH ac(aabTOOETOHA IPEHAKHOW TMPOCIOWKH U3
HOpHUCTOro acanbToOeTOHa TONIIMHOM § - 12 cM.

INEPEXBATBIBAIOINUE JPEHAKH

3.37. IlepexBaThIBarONIKe IPEHAKNA MPUMEHSIFOTCS JJIsl TIOJHOTO WJIM YaCTUYHOTO IMepexBara
TPYHTOBBIX BOJI, MOCTYNAIOUIMX Ha 3alIMIAEMYI0 TEPPUTOPHUIO CO CTOPOHBI BOJIOpPA3]EJOB,
BOJOXPAHWINL], MACCHUBOB OpPOLICHUS W T.N. [Ipr 3TOM BBIAENSIOT TOJIOBHOM, OTCEYHOM,
OeperoBoil apeHaxku. JIpeHaku TaKOro TUIA MOTYT OBITh TOPHU3OHTAIbHBIMHU, BEPTHUKAIHHBIMU
W KOMOMHUPOBaHHBIMHA. OTHUM U3 MIPEUMYIIECTB MMEPEXBATHIBAIONINX IPCHAKEH SBISETCS TO,
YTO OHM OOBIYHO YCTPAMBAIOTCS BHE 3aIIMIAEMON TEPPUTOPUHU, YTO OCOOEHHO BaXKHO MpHU
NPE0TBPALICHUN TTOJTOIUICHUS YK€ 3aCTPOCHHBIX TeppuTopHii [3, 42].

3.38. T'070BHOM OJHOJMHEWHBIM JpEHAX CIYXUT Uil TIepexBaTa TPYHTOBBIX BOJ,
MOCTYMAIOMIMX CO CTOPOHBI Bojopasfena. Takoil ApeHak pacnoJiaraloT BBIIIE IO MOTOKY
TPYHTOBBIX BOJ OT 3aIIMIAEMOIr0 y4acTKa. Y CTPOMCTBO TOJIOBHOTO TOPU30HTAIBHOIO ApeHaxa
HanOosnee 3(h(PEeKTUBHO MPH OTHOCHTEIBHO HETNTyOOKOM 3ajeraHuu Bojaoymnopa. [Ipu riybokom
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3aJieraHiM BOJOYIIOpa LIEIeCO00pa3HO YCTPOICTBO JIMHEHHOTO Psijia BEPTUKAIBHBIX JAPEHAXKHBIX
CKBaXMH, a TAaK’K€ KOMOMHUPOBAHHOTO JPEHaXa.

IIpy HanM4YMKU B TUAPOTrEOIOTHYECKOM pa3pe3e XOPOILIO IIPOHULIAEMBIX IIOPO, OJHOIMHEHHBINA
JPEHaX MOXKET OBITh BBIIIOJHEH B BUJE BEPTUKAIBHOIO PsAJia MOTJIOMIAIONINX CKBAXKHH.

Cxema roJIoBHOTO JIpeHaka MpUBeIeHa Ha puC. 35.

,

kL4

P —  —

)<t

Puc. 35. Cxema roJioBHOro ApeHaxa

1 - nuHUs ApeHaxa; 2 - CMOTPOBOM KOJIOJEIT;, 3 - OTBOAIINN KOJUICKTOP; 4 - KOHTYP 3aIlUIIaEMOr0 COOPYKEHUs; 5
- HallpaBJIeHHE MOTOKA TPYHTOBBIX BOJ; 6 - €CTECTBEHHBIH YPOBEHb 'PYHTOBBIX BOJ; / - MOHW)KEHHBIH YPOBEHb
TPYHTOBBIX BOJ; 8 - IpeHa
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Puc. 36. Cxema GeperoBoro apeHaxa
a - TOPU30OHTAJILHOT O, 0 - BCPTUKAJIBHOI'O; 6 - KOM6I/IHI/Ip0BaHHOI‘O
1- 3alIIIaceMoc COOPYIKCHHUC, 2 - JIMHHS ApCHaxa; 3 - CMOTpOBOﬁ KOJIOAC1; 4 - macocHas CTaHI YA, 5 -

€CTECTBEHHBII yPOBEHb I'PYHTOBBIX BOJ; 6 - MOHIKEHHBIN YPOBEHb I'PYHTOBBIX BOJ; 7 - IpeHa; 8 - ypOBEHb BOABI B
peke; 9 - Booynop; 10 - monepTsiil ypoBeHb BOJIBI B peKe (BOZOXPaHMIIHIIE)

3.39. beperoBoii ApeHaXX CAYKUT IS TIEpeXBaTa MOA3EMHBIX BOJ, (OPMUPYIOIIUXCS B 30HE
BIMSHUSA PEKM WIM BOJOXpaHWIMIIA. Pa3HOBHIHOCTBIO OEperoBoro JApeHa)ka sBIsEeTCS
npUAaMOOBBIN JPEHAK.

B 3aBUCUMOCTH OT KOHKPETHBIX TMIPOr€OJIOTMYECKUX YCIOBUM 3aIlMINAEMON TEPPUTOPUU
OeperoBoii ApeHak BHIMOJIHAETCS B BUI€ TOPU30HTAILHON JPEHBI, PsiJla BEPTUKAIbHBIX CKBAXHH
WM KOMOMHHPOBAHHOTO JIPEHaXa.

CxeMbl OeperoBoro JApeHa)ka oKa3aHbl Ha puC. 36.

3.40. OrtceyHoll JpeHaX TNpPUMEHsETCs [UId IepexBaTa IIOTOKa TPYHTOBBIX BOJ,
HOCTYMAIOUIET0 ¢ COCEIHUX OOBOJHEHHBIX TEPPUTOPHUN (MAcCHBOB OpPOILEHUS, MOATOIIEHHBIX
TEPPUTOPUI IPOMBILUIEHHBIX peanpusaTHii, Hanpumep TOLl u 1p.).

Bosnee nonpoGHO KOHCTPYKIIMY NTEPEXBATHIBAIOLINX JAPEHAXKEHW N3II0KEHBI B pas3. 4.

4. COOPYXXEHHS TO 3AIIUTE TEPPUTOPUM OT HOJATOIUVIEHHUA U HX
KOHCTPYKIIMU

Ha 3aCTpO€HHBIX n ITOATOIIJICHHBIX I‘OpOI[CKI/IX TeppI/ITOpI/IHX Nnin Iiomaakax
HPOMBIIUICHHBIX MPEANPHATHN OCHOBHBIM CIIOCOOOM 3aIUTHl OCHOBAHHI OTICIBHBIX 3/IaHMHIA,
KOMMYHUKAIU{ WIM TEPPUTOPUU B LEIOM OT IOJ3EMHBIX BOJ SIBJISIETCS COOPYKEHUE NPECHAXKA,
KOTOPO€ JIOJDKHO OCYIIECTBIATHCS B COYETAHHH C MEPONPUATHSIMU [0 OpraHU3alnd
HOBerHOCTHOFO CTOKa, YCTpaHeHI/IIO HOTepb BOObBI U3 BO,Z[OHecyH_[I/IX KOMMyHI/IKaI_[I/Iﬁ nu
BOJIOCOIEPIKAIINX eMKocTew u p. [1, 3, 16].

OBIIAA XAPAKTEPUCTHUKA APEHAXKHBIX CUCTEM

4.1. JlpeHaxxHass cHUCTeMa JIOJDKHA OOECTICUMTh Ha 3allHMINaeMON TEPPUTOPHH TOHMKECHUE
YPOBHEW I'PYHTOBBIX BOJ 10 TPEOYEeMBIX BEJIUYHH, OBITh POCTOMN, JOJITOBEYHON M SKOHOMUYHOM
B AKCIUTyaTauuu. [Ipu 3ammre OT MOATOMIEHUS MOABAJIBHBIX YacTed 3JaHUUA M COOPYKEHUM, a
TaKk)Ke MOJ3EMHBIX KOMMYHUKAIUNA BETUYMHA TPeOyeMOro IMOHWKECHHS OIpeNeseTcss HX
3arinyOjieHueM, TpU 3allUTe TEePPUTOPUN OHA TPUHHUMAETCS B COOTBETCTBUM C HOPMOM
ocylieHus*. 3HaueHUsT HOPMBI OCYIICHHs, M, HA COOTBETCTBYIOIICH TEPPUTOPUU TPUBEICHBI
HIXKE.

* Tlom HOpPMOIT OCYIIEHMSI TIOHMMAETCSl BEPTHUKAIBHOE PACCTOSHUE OT IOBEPXHOCTH IUIAHUPOBKH O YPOBHS
TPYHTOBBIX BOJI.

TeppuTopust KPYIHBIX IPOMBIIIICHHBIX 30H U KOMILIEKCOB 1o 15
I'oponckue mpoMBIIIUICHHBIE 30HBI, KOMMYHAITbHO-CKIIAJICKUE 30HBI,
LCHTPBI KPYIHEHIINX U KPYIMHBIX TOPOJIOB 5
CenureOHbIE 30HBI TOPOIOB 3
Tepputopuu 0310pOBUTEIFHO-PEKPEALIMOHHOTO XapaKTepa 2

[lon 3maHMSAMU U COOPY)KEHHUSMM YPOBEHb I'DYHTOBBIX BOJ JOJDKEH pacIojaraTtbCs HMXKE
OTMETKH 3aJI0KEHHUs MOoJomBhl (PpyHIaMeHTOB He MeHee 4yem Ha 0,5 m. Ilpm stom 3ammra
(¢yHIaMEHTOB M TOABAJIOB OT KaNWUIAPHOM BIIAarM OCYLIECTBISETCS IyTeM YCTpOMCTBa
COOTBETCTBYIOIEH I'MAPOU3OJIALIH.

4.2. B 3aBHCHMOCTH OT CTENEHH IMOJATOIJICHUS TEPPUTOPHUH, MOCIECACTBUI MOATOIJICHUS U
MaTepHaIbHOrO yiepda OT HEro, NPUPOIHBIX YCIOBHUH, BO3MOXHOCTEH CTPOMTEIbCTBA
3aIUUTHBIX COOPYKEHHM M YCTPOMCTB 3aIlUTHBIC MEPOIPUATHSA OCYIIECTBISIOTCS Ha BCEH
paccMaTpuBaeMOU TEPPUTOPHUH WM TOJIBKO €€ YacCTH.

Bri6op cucTemBbl 3alIMTHBIX MEPONPUSATHIA OCYIIECTBISETCS Ha OCHOBE BOJ00ATAHCOBBIX,
(WIBTPALMOHHBIX U THAPABIMYECKHX PACUYETOB, @ TAKKE TEXHUKO-DKOHOMUYECKOTO CPaBHEHUS
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BapuaHTOB. [Ipu 3TOM OHHM HE JOKHBI NPUBOAWTH K CICIYIONIMM HEOIAronpusITHBIM
MOCIIEACTBUSIM:

HApYIICHUIO (PU3UKO-MEXaHUYECKHX CBOWCTB TPYHTOB B OCHOBAHWUHU CYHIECTBYIOIIUX 3IaHUN
1 COOPYKEHHI TTPU MTOHWKEHUHU YPOBHEHN TPYHTOBBIX BOJI;

CHI)KCHUIO TPOU3BOJIUTEIHHOCTH TOJ3EMHBIX BOJOHOCHBIX TOPU30HTOB, UCTIOIB3YEMBIX IS
BOJIOCHA0KEHH,

YBEJIMUEHUIO (DPUITHTPAIMOHHBIX MTOTEPh U3 UCKYCCTBEHHBIX TEXHUYECKUX BOJIOEMOB;

3arpsi3HEHUIO TO/J3EMHBIX BOJOHOCHBIX TOPU30HTOB MPU OpraHu3anud cOpoca B HHX
TPEHAXHBIX BOJI.

4.3. Meponpustusi 1Mo OOmEH 3alUTe 3aCTPOCHHBIX TEPPUTOPHUH OT TMOATOILICHUS
OCYIIECTBIISIIOTCA B TEX CIydasX, KOTJa B MX MpEIeNax pacrojiaraetcs OONBIIOe KOJIUYECTBO
3MaHUN U COOPYKEHHMH U BCE OHM, a TaKXK€ caMa TEPPUTOPHsS HYKIAIOTCA B 3allUTe OT
noATorieHud. s 3TUX uenerd UCHOIb3YHOTCS OAHOJMHENHBIE, NBYXJIMHEWMHBIE U ILIOLIAAHbIE
CUCTEMBI JpEHa)Kel TOPU30HTAIBHOTO, BEPTHKAJIBHOIO WM KOMOMHHpoOBaHHOro THma. [lpu
O0YaroBOM XapakKTepe MOJTOIUICHUSI HYKIAIOTCS B 3alWTE, KaK MPaBUIIO, OTJCIbHbBIC 3/IaHUS U
COOpPYKEeHHSI. DTO JOCTUTAETCS MPUMEHEHHEM JIOKAJbHBIX APEHAXKeH - KOHTYPHBIX (KOJIbIIEBBIX ),
JUHEHHBIX, JIY4eBBIX, IUIACTOBBIX, MPUCTEHHBIX W T.A. JIOKambHBIC APEHAXKU MPUMEHSIOTCS
TaKk)Ke B TEX CIIy4asiX, KOTJia MEpONpUSTHUs MO OOIIei 3aluTe TEPPUTOPUU HE OOECIeunBaloT
TpeOyeMBbIX MOHMKEHUI B OCHOBAHUHU OTICIbHBIX 31aHuii [1, 2 - 4, 42].

4.4, Tlo npuHnumy oTOopa BOABI M BJIard W3 TPyHTA NPUMEHSIOTCS IPCHAXKU
TPaBUTALIMOHHOTO  JEHCTBUS W  CHENHAlbHBIE - BaKyyMHbIC, BEHTWISIIHOHHBIE U
MMHEBMOHArHeTaTeabHbIe. [ paBUTAIMOHHBIE OpeHaxu Hanbosiee 3(hQPexkTHBHO paboTalOT MpH
OCYIIEHUH XOPOIIO MPOHHUIIAEMBIX I'PYHTOB (C Koa(pduuuentoM Quubtpamuu 6omee 0,5 - 1
M/CyT), CHeIMaIbHbIC APEHAXKHU IEIeCO00pa3HO MPUMEHSTh MPU OCYIICHUH CIa00MPOHUIIAEMbIX
TPYHTOB (CyTiecH, CYTIIMHKY U Jp.). Ha mpakTuke B HacTosImee BpeMsi B OCHOBHOM IPUMEHSIOTCS
IpaBUTALMOHHBIC JPEHAXH, CHIEIIHabHbIE AIPEHAXHU HE BBILUIM U3 CTAIUH SKCIEPUMEHTAIbHOTO
U3YYCHHUS.

KOHCTPYKIMM JIPEHAKEN

4.5. Beskoe IpeHaKHOE COOPYKEHNE KOHCTPYKTUBHO COCTOUT M3 JIBYX OCHOBHBIX 3JIEMEHTOB
- BOJONPUEMHOTO M BoJooTBoAsAmIero. [lepBblii M3 HuX oOecreuyuBaeT HpHUEM BOIBI W3
BOZIOHOCHOTO IJIaCTa, BTOPOH - OTBOJ IIOCTYIIUBILEH BOJBI 3a IIPEAECIIBI OCYIIAEMON TEPPUTOPHH.
OTBOJ BOJBI MOXKET OBITh CAMOTEUHBIM WJIM INPUHYAUTEIbHBIM B 3aBUCUMOCTH OT KOHKPETHOM
00CTaHOBKH.

[Io xapakTepy NpPOCTPAaHCTBEHHOTO PACHOJIOKEHHS BOJOIPHUEMHOTO U BOJOOTBOIAIIETO
KOHCTPYKTUBHBIX DJJIEMEHTOB JPEHAXKEU IIOCIEJHUE IOAPA3JEIAIOTC HAa TOPU30HTAJIbHBIC,
BEPTUKAJIbHBIE U KOMOMHUPOBAHHBIE.

I'opuszoHTa/ILHBIE APEHAKH

4.6. Topu30OHTAIBHBIA TPABUTAIMOHHBIN APEHAX SBISIETCS HanOOJIee PacIpOCTPAHCHHBIM
BUJIOM JpEHa)ka, NPUMEHSETCS JUIsl 3allUThl OT TOJATOIUICHHS TPYHTOBBIMU BOJaMU
3HAYUTENbHBIX TEPPUTOPUHN, HEOONBIINX YYaCTKOB WM OTAEIbHBIX COOPYKEHHH M, Kak
CaMOCTOSITEIILHBIN 3JIEMEHT WHKCHEPHOU 3aIIUTHI, OOBIYHO YKJIaJbIBAETCS Ha TiIyOouHax 10 6 - 8
M. B psane cnydaeB, Hampumep MOpH YCTPOMCTBE COMYTCTBYIOIIUX APEHAXEH pPa3IUYHbIX
KOMMYHHKAIIM{ M TOHHEJEW WIIM JApPEHaXeH, yKiIaablBaeMbIX BHYTPH KOHTYypa 3ariayOiieHHOU
YaCTU COOPYXKEHMS, a TaKK€ IPU YCTPOMCTBE JIYYEBBIX IPEHAXKEH TOPU30HTAIbHBIE JIPEHBI
MOTYT YKJIQIbIBATHCS M HA TIIyOUHY, 3HAUUTEIHHO MPEBBIIIAIONIYIO YKa3aHHYIO.

B coBpeMEHHBIX YCIIOBUSIX MPOMBIIIJIEHHON U TOPOJCKOHN 3aCTPOMKHA OOBIYHO yCTPaWBACTCs
3aKPBITBIA JPEHAX TpyOuaTOro THHA, XOTA TMPHU ONPEACIECHHBIX OOCTOSTETBCTBAX HE
UCKIIIOYAETCS] NPUMEHEHUE M OTKPBITOIO TOPU30HTAIIBHOIO JpPEHa)ka B BHUJIE TPAHIUEH WIIU
KaHaa.

Pa3HOBUIHOCTBIO TOPU30HTAIBHOTO APEHAXKA SABIISETCA IJIACTOBBIN IPEHAXK.
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4.7. B coBpeMEHHOW MpaKTHKE CTPOUTEIHCTBA TOPU3OHTANBHBIX TPYOUaThIX IpeHaked Ha
IPOMBIIIJICHHBIX M TOPOACKHX TEPPUTOPUSAX HMPUMEHSIOTCS TPU OCHOBHBIX KOHCTPYKTHBHBIX
TUINA:

TPAAUITMOHHOW KOHCTPYKIIMH C TPyO4aTol OCHOBOHM M3 KEpaMHUUYECKHX, aCOECTOIIEMEHTHBIX,
OCTOHHBIX, YYI'YHHBIX, pEXe IUIaCTMAcCOBBIX TpyO (Tabm. 24) ¢ IBYMS-TpeMsl CIOSAMHU
(GUIBTPYIONIECH OOCHINIKYA U3 PHIXJIOTO COPTUPOBAHHOTO MaTepHala - Mecka, rpaBusi, MeOHs (puc.
37);

¢ TpyO4yaToii OCHOBOW ¥ (UIBTPYIOIIMMH OOEpTKAMH W3 PA3JIMYHOrO THMA TKAHBIX M
HETKaHbIX MHUHEPAIbHBIX MM IOJMMEPHBIX MaTepuanoB (puc. 38); 3TH 00EepTKH MOTYT
IPUMEHSATBCS KaK CAMOCTOSATENbHO, TAK M B COUETAHUU C OOCBHINKAaMU U3 PHIXJIBIX MaTepHAJIOB;

¢ IpuMeHeHneM TpyoohuiabTpoB (puc. 39) B COYETAaHUU C OJHHUM CJIOEM MEeCYaHON OOCHITIKH,
Wi ¢ QUIbTPYIOMEeld 00epTKOM, UK 0€3 TaKOBBIX.

KpymHocTe MaTepualia U KOJMYECTBO CJIOEB PHIXJIBIX OOCBHIIOK B JIPEHAXAX TPATUIIMOHHON
KOHCTPYKLIUU MOJOMpAeTCs MO COOTBETCTBYIOUIMM METOJMKaM B 3aBHCHMOCTH OT YCIOBHH
JPEHUPOBAHMS, BUJA APEHUPYEMOro TPyHTa M BBIOPaHHBIX (POPM M pa3MepoB BOAOIPUEMHBIX
OTBEPCTHI.

4.8. Ilpuem Boxpl M3 IJIacTa MPOU3BOAUTCS JHOO YEpe3 CTHIKOBBIE 3a30pbl MEXKIY
NpEeHaXHbIMU TpyOamu, au00 yepe3 KpyIible OTBEPCTUS WM ILEJNEBbIE MPOMWIbI B CTEHKE
TpyObl. IlpoOuBaTh oOTBepcTusi B CTEHKE TpyO 3ampemaercs. B mocnennee Bpems JUIs
COEIMHEHUS JPEHAXKHBIX TPYO HMPUMEHSIOT TAaK)KEe 3JIACTUYHBIE IIACTMACCOBBIE (TIOJIMATHUIICH,
KarpoH) My(ThI ¢ OTBEPCTUSAMH, BBITOIHAIOIIUMH POJIb BOJAOIPUEMHBIX.

KoHCcTpyKIIUsl COEAMHUTENBHON MOJUATUICHOBOW MY(DTBI M JPEHBI ¢ MPUMEHEHHEM TaKUX
Myt npeacraiensl Ha puc. 40, 41, a mapaMeTpbl TakKUX My(QT JaHbI B Ta0J. 25.

BapuaHThl  BBINOJMHEHMsS]  TPyOuyaThIX  TOPU3OHTAJIBHBIX  JPEHAXEW  TPaAULIMOHHOU
KOHCTPYKIIMY MOKa3aHbl Ha puc. 37 [1, 3, 42].

TaoOonuma 24
Marepuas Tpy6 Buytpennuii quamerp | Jlomyctumas riryOuHa yKiIaaKu
TpyO, MM TpyO, M

1. Kepamuueckue apenaxubie (COCT 8411-74%*) 150 3,5

200 -

250 -
2. Kepamnueckue kananusanonnsie (TOCT 286-82) 1500 7,5

200 6

250 55

300 5
3. Acoectouementhoie OeznanopHeie (TOCT 1839-80%, 150 3-6
T'OCT 539-80%) 200 -

250 -

300 -
4. beronnsie u xene3oberonnsie: [OCT 6482-88, TOCT 200 -
6482-88 250 3,5

300 o 8 m (cMm. MHCTPYKIHMIO TI0
5. Tommptunenoseie rinaaxkocteHuble [IBII wm ITHIT 110 gg:ee;mpO:EHES{%I:KCHI\;ZHMKZ
(TOCT 18599-83%) 140 A

160 KaHaJIM3al{H U3 MJIaCTMACCOBBIX

200 Tpy6. CH 478-80)
6. T'ubkue Bureie u3 I[1BX no TY-33 YCCP 38-74 wmmn 100 Hdo 4 - 7 M (B 3aBUCUMOCTH OT
ro¢puposannsie u3 [1BII no TY-6-05-1078-72 125 BUa TPYO)

150 -

200 -

250
7. TpyOodumbTpel kepam3utobeTonHbIe ApeHaxHbIe (TY 150 ITo pacuety
400-1-415-77 - «I' 1aBMOCIIPOMCTPOMMATEPHAITBI )
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Marepran Tpy6 Buytpennuii quamerp | Jlomycrtumas riryOuHa yKiIaaKu
Tpy0, MM Tpy0, M
8. Tpybodunerpel u3 mopuctoro noiauMepdberona (BTY 150 -
[0 TEXHOJOTUU H3TOTOBJICHUS U NMPUMEHEHUS MOPUCTHIX 200 Jo 5
noJuMepOeTOHHbIX  TpyOoduiabTpoB. -  ['occrpoit 250 -
Typkmenckoii CCP) 300 -
9. TpyOsl  gpeHaXHBIE W3  KPYHMHOIOPHCTOTO 150 -
(GUIBTPAIIMOHHOTO OETOHA HA IUIOTHBIX 3arOJHHUTEISX 200 8-10
(BCH-13-77 Munsuepro CCCP) 250 -
300 -
350 -
400 8
500 8

Puc. 37. KOHCTPYKTHBHBIE CXeMbl TIOPH3OHTAJBHBIX TPYOYATBLIX JpPeHakeH,
YKJIAbIBA€MbIX B TPAHLIEIO
a - ¢ ABYXCIIOWHOM OOCBIIIKOH; 6 - C TPEXCIOWHON 00CHITKON

1 - npenaxnas TpyOa; 2 - meOCHb WIM I'paBuif; 3 - KPYINHO3EPHUCTHIH Mecok; 4 - oOparTHas 3achllka TPaHIICH
MECTHBIM I'PYHTOM; 5 - pa3HO3EPHUCTHIN TECOK
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WTRS Wan Loy e oy
i

Puc. 38. KoHcTpykmum TpyO04aToro ropuM3OHTAJIBHOIO JApeHaxka ¢ (UIbBTPYHOIIMMHA
o0epTKaMM M3 BOJOKHHCTBIX MaTepHaJIoB

a - BapUaHTHI COYETaHHS BOJIOKHUCTHIX MAaTEPHAIIOB C APECHAKHON TPyOOH; 6 - KOHCTPYKTHBHBIE CXEMBI APEH

1 - npenaxHast Tpy0a; 2 - CTEKIOXOJICT MIIM CTEKIIOCETKa; 3 - CTEKJIOBOWIIOK; 4 - mecuaHasi 00chIKa; 5 - odparHast
3aCHITTKa
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Puc. 39. Koncrpykuun apeHakeil ¢ npuMeHeHHeM TPy0Oo(pHIbTPOB

I. ®opmsl ceyenust TpyOO(UIBTPOB M XapaKTep TOPLIOB

a - UWWINHIpUYECKas Kpyrias C IUIOCKMM TOpLOM; 6 - ¢ (ajbLEeBbIM TOPLOM; 6 - C IUNIOCKHM OCHOBaHHEM; & -
MHOTOTpaHHas

I1. Cxemb! ykinaaku TpyoO(GHIBTPOB B JpeHAXKax

a - 6e3 00ChINKY; 6 - ¢ TPUMEHEHNEM QHIBTPYIOIINX 00EPTOK; 6 - C 0OCHINKOM MECKOM

I11. KoHcTpyKkTHBHBIE CXEMBI peHaxel ¢ TpyoodmibTpamMu

a - IPUCTEHHBIH PEHAX; 6 - COIMYTCTBYIOIIMI IPEHAX TOHHEIS

1 - py6odunbTp; 2 - punbrpyromias 00epTka; 3 - 00ChINKa; 4 - KOHTYP 3alIXIIAEMOT0 COOPYKEHUS; 5 - 1eOeHb

B KOHCTpYKIMSX C IpUMEHEHHEM (UIBTPYIOUIMX O00EpPTOK M3 MHHEPAIbHBIX MaTepHAalioOB
(CTEKJIOBOJIOKHUCTBIE XOJCTHI M CETKH, MaThl M3 INTaNelbHOro 0a3albTOBOTO BOJIOKHA WIIH
CTCKJIOBAThl U ,Z[p) TKAaHBbIC MaTCPUAJIbL OGBI‘IHO MNPUMCHAIOTCA B COYCTAHUU C BOI>'IJIOKOM,
MaTaMd H T.I. WIA B COYETaHHH C OIHOCIOMHON mecuaHoi oOChIIKOM (cM. puc. 38).
TexHuueckue TpeOOBaHUS K YCTPOHCTBY JPEHAXHBIX (UIBTPOB M3 HCKYCCTBEHHBIX
MHUHEPaTbHBIX BOJOKHUCTBIX MaTepHaoB onpeaensroTcs nonoxenusmu OCT 33-10-73.

"’l:

Ba

o et |
Puc. 40. KoncTpykuusi ruOKoi coeqMHUTEIbHOH MY(THI
1 - xopryc My(TbI, 2 - YIUIOTHSIOMWIKH BBICTYIT; 3 - Todpbl ¢ MUKpOILLIeneBoi nepdopauneit

IIpumeganne. bykBamm 0603HaueHBI XapaKTepPHBIE pa3Mepbl My(PTHI

T

AT | 1
5

-
Ty s d¥ i)

7!{//#/77 VG
G 2

Puc. 41. KoHcTpyKIIUS IPeHBbI ¢ IPUMEHEHUEM T'MOKUX COeTUHUTEIbHBIX My T

1 - npenaxHas TpaHiues; 2 - ApeHaxkHas TpyOa; 3 - ¢unbTpyromas o0chinka; 4 - rpyHT 00paTHON 3aChINKH; 5 -
COCJIMHUTENILHAS My(Ta

Taoaxuma 25
Dl D2 D3 D4 d L A B C F Rl Rz a®
50 48 65 52 2 90 45 10 20 9 1 20 45
75 70 86 77 2 100 50 10 20 12 1 20 45
100 95 116 102 2,5 120 60 15 30 12 1 20 45
125 120 140 127 2,5 130 65 15 30 12 1 25 45
150 | 144 | 170 | 152 3 150 73 15 35 14 1,5 30 45
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XapaKkTepUCTUKN MaTepUAIOB, JIOIYCKAEMbIX K MCIOJIb30BAHUIO B KAUECTBE (PMIIBTPYIOIINX
00epTOK TpyOUaTHIX TOPHU3OHTANBHBIX APCHAXEH, puBeAeHbI B Tab1. 26 [32, 33].

4.9. KoHCTpyKIIMM TOPU30HTAILHOTO TPyO4YaToro JpeHaxa ¢ NpuMEHeHHeM TpyOoo(uIbTpoB
U3 HOPHUCTOr0 OETOHA Ha IIEMEHTHOM CBS3YIOILEM MM U3 MOJIMMEpOETOHA MO3BOJIAIOT BECTH
CTPOUTEIBCTBO [JIPEHAXXEH Ha COBPEMEHHOM WHIYCTpUAIbHOM OCHOBE. lIpumeHeHue Takux
KOHCTPYKLUH CHUYKAET 3aTPAThl HA CTPOUTENBCTBO JIPEHAXEH, COKpAIAeT IPUMEHEHUE PyYHOTO
TPyAa W YMEHBIIAET CPOKH CTPOUTENBCTBA, a TaKKe IO3BOJseT oOecreyuBaTh OoJjee
TIIATEJIbHBI KOHTPOJIb 3@ BBIIOJHEHHEM TEXHMUYECKHX TPEeOOBaHUI MO YCTPOWCTBY JOpeHa)ka
[41].

TpybodunsTp mpeacrapisier cobor TpyOy C MOPUCTBHIMU CTEHKaMH, COUYETAIONyI0 (DyHKITUN
BOJIOOTBOJAIIEH TpyObl W GuibTpyromeil oOCHIIKUA. B mecyaHbix TpyHTax TpyOOopUIbTpHI
YKJIaJIBIBAIOTCSl 0€3 OOCBINKHM, B CBA3HBIX TPYHTAaX - C OJHUM CJIO€M OOCBIIKH IE€CYAHBIM
TPYHTOM MJIM ¢ 00€pTKOM MX Mo crnupaiu creknoxosnctamu Mapok BB-I', BB-K, BB-T B uetsipe-
IATh CJI0EB IPU TONIIMHE cTeksI0XxocTa 0,5 MM 1 B J1Ba CJ10sl IPU TOJIIIMHE CTEKI0X0jcTa 1 MM.

Taomnuia 26
Matepuas: OCHOBAHNE Hmuna, |Ilupuna, | Tonmuna, | Eqununa Macca 5;?(1)\:::
M cM MM WU3MEPEHUS | €IMHHUIIBI, KT MK
Marsr, npoumtseie u3|TY 33 VCCP 1-92 - 70+3 75 M 60 xr 15-25
IITAMIIOBAHHOI'O 85+4 75 » 70 »
0a3aJIbTOBOI0 BOJOKHA
Boiinok n3 mranensHoro|TY 611-215-71 - 1005 50 » 40 - 50 xr 15
0a3aJIbTOBOI0 BOJOKHA
CTEeKJIOBOJIOKHHUCTRIH BB-I' MPTVY 6-11-| 100 - 40+1 04+1 M> 50+15r 15
XO0JICT 3-64 200
To xe BBK, TV 21-23-3-| 170 9%6+2 | 06+0,2 » 100 + 30 » 18
68
» BB-T MPTVY 50-100] 150 + 2 0,5 » 100 £ 37 » 18
» 6-11-13-64 0,8+0,3
CrexiioceTka CD (CCTD-6)|50-100( 60, 70, 0,2 M 200 14
T'OCT 8481-75* 80, 90,
100
» CC-1 50-100| 60,70, | 0,1-0,2 » - 14
» CTV 27-120-64 80, 90

[IpumMepsl KOHCTPYKIIMH TOPU3OHTAIBHBIX TPyOUaTBIX JpeHAXEH ¢ NPUMEHECHUEM
TpyOODMIBTPOB pUBEACHBI Ha puc. 39.

JlydyeBble aApeHaRku

4.10. JlyyeBoW JpeHax MpPEACTaBIseT COOOW TOPU3OHTAIbHbIE TpyOUaThle JpEHBI,
BBIMIOJTHEHHBIE METOJIOM TOPH30HTAIBHOTO OypeHHs U3 3ariayOJICHHBIX COOPY)KEHHH WU
CHeHANTbHBIX MIAXTHBIX KOJOIEB AuamMeTpoM 10 4,5 - 5 M, myphoB U T.II., KOTJa MPOXOJIKa
OTKPBITBIX TpaHIIEH Ui YKJIAJKH TOPU3OHTAIBHBIX APEH MO KAaKUM-THOO 00CTOSITeNhCTBAM
3aTpyZIHEHAa WM HEBO3MOXKHa (Hampumep, Npu OONbIIONW IUIOTHOCTH KOMMYHMKALUH, IIOX
COOPY)KEHHSIMH H Jp.), a Takke NpH HEoOXOAMMOCTH YKIAIKH JpEeH Ha TIyOuHY,
IPEBBIMIAIOIIYI0 CPEIHIOI TIYyOMHY TPOXOJKM OTKPBITBIX TpaHuIeld, oOecreuynBaeMyro
CTPOMTEIBHBIMH 3€MJIEPOHHBIMU MexaHu3MaMu [26, 42].

NormaCS® (NRMS10-04869) WWw.normacs.ru 20.05.2010 13:11



normacs://normacs.ru/61C?dob=40148,000000&dol=40318,546574�

IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

; .
L .

:

]
]
L |

Puc. 42. Cxema ycTpoiicTBa NPUYCTHEBOM YaCTH JTy4eBOM JPEHbI

1 - GeTOHHOE KpeIJIeHWe CTCHOK KOJIOJIA; 2 - calbHUKOBas HaOuBka; 3 - oOcaguas Tpyoa; 4 - Tpybodunstp; 5 -
HalpaBJSIOIMH naTpy0ok; 6 - Hacoc; 7 - BcachIBaroLMi naTpyook; 8, 9 - 1aT4ukK BEpXHEro M HWKHEro YpOBHEH
JPEHaXHBIX BOJI B BOJOIIPHEMHHUKE

S g : i 7
4 Y
, ! i
——
I |-

8 p::f/
s
.If * i » ] L]

]
= L

Puc. 43. CxemaTuyeckuii pa3pe3 KOHyca IJ THAPOOYpeHHsi Jy4YeBbIX [PeH U JeTajiu
NMPoxo/ia TPyObl B CTEHKE KOOI

1 - OypoBoii KoHYyC; 2 - OTBEpCTHs Ul BBIXOJA pa3MbIBalolled cTpyw; 3 - LIeaM s Ipuema nuiama; 4 - 6 -

¢GunbTpoOBasi, NMUIAMOBAsE M MPOMbBIBHAsE TPYOBI; 7 - KOXKYX B CTEHKE KOJIOJLA; 8 - CallbHUKOBbBIC YIUIOTHEHUs; 9 -
OeToHHAas 3ajeJIKa MTPaOBI

BoponpuemMHBIM 37IEMEHTOM JIy4eBOW JpeHbl sABIseTca mnepopupoBaHHas Tpyda cC
00epTKamMH U3 BOJIOKHHUCTHIX MaTEPHUAIIOB WU TPYOO(PUIBTPHI, KOTOPHIEC BIBUTAIOTCS B OYPOBYIO
TpyOy M OCTaBJSIOTCS B MOJOCTH TOPU3OHTAJIBHON CKBAKUHBI MOCJE HM3BJICUCHHUS OOCATHBIX
Tpy6 (puc. 42, 43).

W3 onHOro m1axTHOTO KOJIOJIA MOCIEA0BATEIbHO MOTYT OYPUTHCS B pa3Hble CTOPOHBI 4 - 6
nyuet qmHOM 30 M 1 Gotee.

Oco0eHHO 11e71ecO00pa3HO  yCTPOMCTBO JIy4eBBIX JPEHAXKEH NpH HAIMYMM B TOJILIE
OOBOJIHEHHBIX  CJIA0OMPOHUIIAEMBIX  IMOPOJ  MAJIOMOIIHOTO  IIacTa C  BBICOKOM
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BOJIONIPOHUIIAEMOCTBI0, OTOOP BOABI M3 KOTOPOTO MO CBOEMY ICHCTBUIO OyIeT HISHTHYCH
OCYIIUTEIbHOMY JICHCTBUIO IJIACTOBOTO APEHaXka.

o

Puc. 44. Cxema npoxoaKH JIy4eBOro ApeHaxa

a-paspeznol-I; 6 - mwian

1 - maxTHBIH KoJI0AeL; 2 - THAPOJAOMKPATHI; 3 - YIIOPHBIH 0J10K; 4 - npena; 5 - OypoBoii koHyc; 6 - MaciIoHacoCHI; 7 -
MacJIO00TCTOHHUK; 8 - HacoC AT OTKAYKH IUIaMa M3 KoJloaua; 9 - Hacoc IMoJayy BOABI JUIs THAPOOYPEHUS

4.11. OCHOBHBIMM JIEMEHTAaMHU YCTPOMCTBA AJIl COOPYKEHUS JIy4EBOTO JpEHa)a SBISIOTCS
BEPTUKAJIbHBIN CTBOJ ¢ OETOHMPOBAHHBIMU CTEHKaMM M JHMILEM, TTIyOMHA KOTOPOTrO OOBIYHO
npuHUMaeTcss Ha 2,5 - 3 M HWXKE JIOTKAa JPEeHbl; B CTBOJE YCTAaHABIMBACTCS IOBOPOTHAs
MOHT@)XHasl IUIOLIA/IKA, OCHAIlEHHas THJIPOAOMKpAaTaMH, MAacjlOHACOCaMH, HacocaMH JJis
10JJa4u BOJIBI JUIsl TUAPOPA3MBIBA TPYHTA U IPSA3EBBIM HACOCOM JJIsi OTKauKKU OypOBOTO IIIaMa U
ap. O0mias cxeMa Takoro yCTpoicTBa Al COOPYKEHMsI Ty4eBOIo IpeHa)a Ioka3zaHa Ha puc. 44.

JleiicTBue JIyueBOro JpeHa)xka MOXKET OBITh YCWJIEHO ITyTEeM BaKyyMHUPOBAaHHUS MOJOCTH
BojocOopHOro kosonaua. C 3TOM Lenbl0 ycThe KOJOJAA TIEePMETU3UPYETCs, a KOJOAEL
00opyayeTcst BaKyyM-HAaCOCOM.

I'asepeiinbie apeHaku

4.12. B HEKOTOpBIX CllydasiX, HalpUMEp, MPU BBICOKOW IJIOTHOCTH 3aCTPOMKHU TEPPUTOPUH,
HACBIIIEHHOCTH €€ MOJ36MHbIMM KOMMYHHUKALMSMU B YCJIOBHUSX 3HAUYUTEIBHOHM MOIIHOCTH
CJIa0ONPOHMUIIAEMBIX OOBOJHEHHBIX TOPOA, 3aJeralollMX Ha BOAOYIOpe, Ienecoo0pa3sHo
YCTPOHMCTBO TOPHU3OHTAIBHOTO JIp€HAa)ka B BHJE MPOXOAHOW, BOJOCOOPHON Trajepew,
yCTpanBaeMoi METOJIOM IMOA3EMHOI Mpoxoaku Ha rayonHax 10 M u 6onee. BeicoTa mpoxoHbIX
rajepei npuHuMaeTcs B npeaenax 1,6 - 1,8 m.

B cBsi3M CO CIOXKHOCTBIO YCTPOWCTBA (PUIBTPYIOIIMX OOCHIIIOK MPH MPOXOJAKE APEHAKHBIX
rajeper 1enecoo0pa3HO BMECTO TaKMX OOCBIOK BKIIOYATh B HECYIIYIO OOOJIOYKY TrajepeH
BCTaBKM M3 HMCKYCCTBEHHBIX MHOPHUCTHIX (MIBTPYIOIIMX MAaTepUaioB, HalpUMEp MOPHUCTOTO
OeTOHa, MOPHUCTOTrO MOJUMEPOETOHA U JIP.
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Puc. 45. KoHCTpYyKIIUS POXOJAHBIX APEHAKHBIX rajepei

a - U3 XKene300e TOHHBIX TUIUT

1, 3, 5 - mwuThl, 2 - BCTaBKa M3 MOPUCTOro (pUIbTpyrOMero marepuaia; 4 - OCTOHHAs MOATOTOBKa; 6 - 3amenka
OETOHHBIM PAaCTBOPOM

0 - N3 MOHOJINTHOTO OETOHA

1 - oGosouka ranepeu; 2 - BCTaBKa U3 MOPUCTOr0 (PUIBTPYIOLIETO MaTepuaa

6 - 13 OETOHHBIX KaMHEl OJIOKOB

1 - 6eroHHbIi 6710K; 2 - 3aj1€NKa IBOB; 3 - He3a/leJIlaHHbIE (BOJIONPUEMHBIE) LIBHI; 4 - MecuaHo-rpaBUiHast 00CHINKa

[IpuMepsl KOHCTPYKTUBHOTO BBITIOTHEHUS JPEHAKHBIX Tajepel MpecTaBICHBI Ha puc. 45.
BeprukajbHbIe ApeHAKH

4.13. BepTuKaIbHBIA IPEHAXK MPEACTABISICT COOOH P WM TPYIIY BEPTHKAIBHBIX CKBAKUH,
npeIHa3HAYSHHBIX I 0TOOpa MOA3EMHBIX BOJ U CHIDKCHUS UX YPOBHS, U MPUMEHSETCS B TEX
ClIydasiX, KOrJa yCTPOMCTBO TOpPHU3OHTAJIBHOIO JIpEHa)ka  SBJISETCS  AKOHOMUYECKHU
HEIeJIeCO00Pa3HbIM, WM TPEACTABISICTCS 3aTPYyAHUTEIBHBIM JHOO Jake HEBO3MOXKHBIM
BCJIE/ICTBHE BBICOKOM TUIOTHOCTHU 3aCTPOUKH MOJTAIIMBAEMOI TEPPUTOPUH U HACBHIILIEHHOCTHU €€
WH)KCHEPHBIMU KOMMYHHKanusmu [1, 3, 42].

B otrnenbHBIX cilydasx HEOOXOAMMOE CHUKEHHE YPOBHEW TPYHTOBBIX BOJl MOXET OBITh
00€eCITeyeHo YCTPOMCTBOM OIMHOYHON CKBAXKHUHBI.

[To reonoro-ruIPOreoJOrHYECKUM YCIOBUSM BEPTUKAIBHBIN JpeHax IeaecooOpa3Ho
MPUMECHSITh:

B OOBOJHEHHBIX TPYHTaX JOCTATOYHO BBICOKOW NPOHHUIIAEMOCTH (C KO3 dHUIIMEHTOM
¢mwibTpanun 6omee 5 M/CyT), MOIIHOCTH OOBOJHEHHBIX IOPOJ, IMPEBHIMLAIONIEH HECKOJIBKO
METpPOB, U IITyOHHE 3aJieraHus BoJoymnopa cBaimie 8 - 10 Mm;

IpU JBYXCIOHHOM CTPOEHHH OOBOJHEHHOW TOJIIIM TOPOJ, KOTJa BEPXHUH CJIOH CIOXKEeH
C1a0ONPOHUIIAEMBIMU TJIMHUCTHIMH MOPOJaMU MOILTHOCTBIO HECKOJIBKO METpPOB, a HMKHUHU -
XOpOIIIO MPOHUIIAEMBIMH MTOPOAAMH;

MIPH MHOTOCJIOWHOM CTPOCHHMHM OOBOJIHEHHOW TOJIIM MOPOJ 3HauMTelbHOH (Oomee 10 ™)
MOIITHOCTH.

[IpuMeHeHHe BEpPTUKANIBbHOIO JpeHa)ka MOXKET OKa3aThCs IIeJIeCO00pa3sHbIM U MpHU
HEOOXOJUMOCTH CHW)XCHHSI YPOBHSI TPYHTOBBIX BOJI B TIpEIeNiax OTICIbHBIX HX KYIOJIOB,
c(hOpMHUPOBABIIMXCSI B TOJIIE CAA0OMPOHUIIAEMBIX Topoa (¢ koddduimenTom QuibTpanun
nopsiaka 1 M/cyT) OONBIIONH MOIITHOCTH (B HECKOJBKO JIECATKOB METPOB).

4.14. OcCHOBHBIMH KOHCTPYKTUBHBIMH 3JIEMEHTaMH BOJOIOHU3UTEIbHON CKBa)KUHBI
BEPTHKAIBHOTO JPEHAXA SBIISIOTCS:

CTBOJI, 0OBIYHO 3aKPEIICHHBIN 00CaTHBIMU TPYOaMu;

GmIbTp ¢ HAAPUIBTPOBOH TPYOOIi;

BOJIONOILEMHOE 000PYIOBaHHE.
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OO6cannpie TPyObl BBIMOIHAIOT (DYHKIMHM KPEIUICHUS CTEHOK CKBA)KMHBI, oOecreynBas UX
YCTOMUMBOCTh KaK B NEpPUOJ NPOXOJKHM CKBaXKMHBI, TaK U B NEPUOJ €€ 3KCIUTyaTanuu. B
OOJNBIIMHCTBE CIyyaeB IIOCIE YCTPOWCTBA JPEHAXHOH, CKBAXHHBI WU OOOpYIOBaHUS €€
(GUIBTPOBON KOJIOHHOU U (PHIIBTpOM 00camHbIe TPYOBl H3BJICKAIOTCS MOTHOCTHIO WM YaCTUYHO.

CxeMbl KOHCTPYKTHUBHBIX BapHAHTOB YCTPOMCTBA, CTBOJA JAPEHAKHOW CKBa)KUHBI TOKA3aHBI
Ha puc. 46, a, 0.

KoHcTpyk1nio ¢ ycTpoiicTBOM NECUaHO-TPaBUITHON 3aCHIIKY B IIPOCTPAHCTBE MEXKAY CTEHKOU
CKBOXMHBI ¥ (UIBTPOBON KOJIOHHOM (puc. 46, a) Ha BCIO JUIMHY IIeJIeCO00pa3HO MPUMEHSTH B
JNPEHAXHBIX CKBO)KWHAX CpPaBHUTENBHO HEOONBINON TIIyOMHBI, a TaKXke B YCIOBHUIX
JPEHUPOBAHUS CIIOMCTOM TOJILIU TOPOJ.

4.15. BepTukanbHble MOIJIOLIAIONINE APEHAKHBIE CKBAXKUHBI YCTPAUBAIOTCA B TEX CIydasX,
KOrJa HET ONAacCHOCTH 3arps3HEHHs [OA3EMHBIX BOJ HMXKeNlexXalero (IOrIOIIALIero)
BOJIOHOCHOT'O TOPU30HTA.

B KOHCTPYKTMBHOM OTHOLIEHHH IOTJIOUIAIONINE CKBAaXHHBI MPEACTABISAIOT c000il OypoBbIe
IOJIOCTH CO CIUIOIIHBIM 3allOJJHEHHEM HX IeCYaHO-TPAaBUHHONW CMEChI0 WM 000pyayroTCs
(GWIbTPOBOM KOJOHHOW ¢ (UIbTpaMH, PpACHONOXKEHHBIMU B IpeAenax JIPEHUPYEeMOro u
BOJIOTIOTJIONIAIONIETO CJI0EeB. BOKpYr (QHIBTPOBON KOJOHHBI BBIMOJHSAETCS OOCHINKA MECYaHO-
rpaBUHBIM MaTepuaiom (puc. 47).

4.16. CkBaXMHBI BEPTUKAIBHOTO JIPEHaXKa 000PYAYIOTCS (PUIBTPAMHU, KOHCTPYKIIMH KOTOPBIX
MOTYT ObIThb pa3nuuHbIMH. OCHOBHBIMHM 3J€MEHTaMM (uUIbTpa SABIAIOTCA KapKac H
BOJIOTIPUEMHAsI TIOBEPXHOCTb. [IpUMEHSIOTCSA KapKachkl CTep)KHEBbIE, TpyOUaThle, C KPYIJION Win
miesieBoid  mepdoparuend, a TakkKe KapkKackl W3 IITaMIIOBAaHHOTO JIMCTAa. BomompuemHas
MOBEPXHOCTh  BBINOJIHAETCS B BHJE IPOBOJIOYHOH OOMOTKHM, IITAMIIOBAaHHOTO JIUCTA,
METAUINYECKUX M HEMETAUIMYECKUX CETOK, TPyOO(QHUIBTPOB M3 pa3IMYHBIX HCKYCCTBEHHBIX
IIOPUCTBIX MAaTEPHUAIIOB, a TAKXKE NIECYAHO-TPABUINHOM 3aChIIIKH.
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TEPPUTOPHIX

L

Puc. 46. CxeMbl KOHCTPYKIHI CKBA:KMH BEPTHKAJBHOIO JPEeHaKa

a - 6e3 kpemieHus o0caHBIMU TpyOaMu; 6 - ¢ YaCTHMYHBIM KpEIUIeHHeM 00caIHbIMU TPYyOaMu

|

"

1 - neMeHTHBIN 3aMOK; 2 - KOHAYKTOP; 3 - CTBOJ CKBa)KHHBI; 4 - TecCUaHO-TpaBUiHAs 3aChIKa; 5 - QUIbTpOBast
KOJIOHHa; 6 - BOJONOABEMHAs KONOHHA; 7/ - Hacoc; 8 - ¢uuetp; 9 - orcroitnmk; 10 - HampaBisrOIIUIA
(ueHTpUpyromumii) GoHape; 11 - TMHAMHYECKHIT YPOBEHb BOJABI B CKBaXkHHE; 12 - caibHUKOBOE yrioTHeHue; 13 -

obcanHas Tpyba

HaunbGonee pacmpoctpaneHHBIM U 3(G(OEKTUBHBIM THIOM (DHIBTPOB SBISIOTCS IECUAHO-
rpaBuiiHbIe (QUIBTPBI, KOTOPHIC MOAPA3ACISAIOTCS Ha 3aChIIHBIC, KOXYXOBbIE U OJOYHBIC

busTpsI [38].
OCHOBHBIE KOHCTPYKTHBHBIE TUIIBI (PUIBTPOB MPEICTABICHBI Ha puC. 48.

B KkadecTBe KOHCTPYKIIMOHHBIX MAaTEPUANOB JUIS HW3TOTOBJICHHS TPYOUaThIX KapKacoB
(GWIBTPOB MPHUMEHSIOTCS TPYObI ropsuekaTanble, 3nekTpocBapHbie (TOCT 10706-76%), TpyOn!
noamatiienoBsie (COCT 18599-83*) mnm momuBuumixiopuansie (TY MXII 6-05-1573-72),
TpyObI acoecroniemenTHbie (COCT 539-80%).
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Puc. 47. CxeMbl KOHCTPYKIMA BEPTHKAJIBHBIX MOIVIOIIAKIINX JPEHAKHBIX CKBAKIUH

@ - €O CIUIOIIHBIM 3aII0JJHEHHEM CTBOJIA CKBAKUHBI (DHIIBTPYIOIINM MaTepUaioM; O - ¢ QHIbTPOBOH KOJIOHHOM

1 - ocymaemblil CIT0i; 2 - YpOBEHb IPYHTOBBIX BOJ; 3 - CJIA0ONPOHHMIAEMBIN CIIO¥; 4 - MOIJIOMIAmUil CiIoi; 5 -
TJIMHSHBIN 3aMOK; 6 - rmecyaHo-rpaBHiHas 3ackinka; / - GuiIbTp; 8 - duibTpoBas kosonua; 9 - orcroiHuk; 10 -
KpBIIIKa

JIns U3roTOBJIEHUS CTEPIKHEBBIX KapKacoOB MPUMEHSETCS cTallb npyTkoBas Mapok Ct3, Ct5,
Cr7 muametpamu 12, 14, 16 MM, a Takke COEIMHUTENbHbIC NMAaTPYOKH M OMOpPHBIE KOJIbIA U3
ropsiueKaTaHbIx TPYO.

[IpoBosoyHBIE OOMOTKH KAapKacoOB BBIMOJHSIOTCS W3 CTAJbHON HEp)KaBEIOIIEH MPOBOJIOKH
(COCT 5632-72*) muamerpom 2 - 4 wmwm. IlltammoBaHHBIE BIIEMEHTHI BOJOMPHEMHBIX
NIOBEPXHOCTEH W3rOTaBIMBAIOTCS M3 JucToBOW Hepxkasetomierd cramu ([OCT 5282-82)
toymuHOoH 0,8 - 1 MMm.

Ceryarble 371€MEHTHI BOJOIIPUEMHBIX TOBEPXHOCTEN BBIMNOIHSIIOTCS U3 CETOK CHHTETHYECKHUX
rmagkoro (COCT 6613-86) wmmm kBagpatHoro tuierenuss (COCT 3187-76%*), cerok wu3
HepkaBeromedt cramu winn natyHu raaakoro (COCT 3185-75%) wnm kBagpaTHOTO TUIETEHUS
('OCT 6513-86*), ceTok TaTyHHOTO TUICTCHHSI | JIp.

4.17. OT6op BOABI M3 CKBAXUH BEPTUKAIBHOTO IpEHa)Ka OCYIIECTBISIETCS Pa3IMYHBIMHU
TUTIAMU BOJOMOABEMHBIX YCTPOINCTB B 3aBUCUMOCTH OT TJIyOMHBI TUHAMUYECKOTO YPOBHS BObI
B CKBaXXMHE, €€ JHaMeTpa, BOJOOOUIBHOCTH IPEHUPYEMOTO BOJOHOCHOTO mjacta u np. [lpu
3TOM MPUMEHSIOTCA HACOCHI C TOTPYKHBIMU 3JeKkTpoasurarensiMmu tumna OB, Hacoca c¢
TpaHCMHUCCHOHHBIM TpuBonoM THma YUTB, ATH u A, ropusoHTaqbHbBIE LEHTPOOEKHBIE
HACOCBI, a TAKXKe BaKyyMHbIE WU SpIUPTHBIE BOJIOTIOIHEMHbBIE YCTPONCTBA.
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Puc. 48. KoncTpykTHBHBIE THIIBI QUJILTPOB CKBAKUH BEPTHKAJIBHBIX APeHaxKel

a - Ha OCHOBE CTEPIKHEBBIX KapKacoB; O - HA OCHOBE TPyOYaThIX KapKacoB CO ILeJIeBOM nepdopanueii; 6 - Ha 0OCHOBE
TpyO4aThIX KapKacoB ¢ KpYTJIoi nepdopamueii; ¢ - rpaBUiiHbIe QUIBTPHI

1 - crepxHEBOIl Kapkac Ha OIOPHBIX KOJbLAX; 2 - TPyOUaThlii Kapkac ¢ Kpyrioil mepdopanmeii; 3 - mieneBoi
TpyOuaThIil Kapkac; 4 - IPOBOJIOYHAS OOMOTKA M3 HEpiKaBelollel craiy; 5 - ornopHas NPOBOJIOYHAS CIIUpab; 6 -
LITAaMITOBAHHBIH JIMCT M3 HEPXKABEIOIIEH cTaiu; 7 - OIOPHbBIE IPOBOJIOYHBIE CTEPIKHU I10]] IIPOBOJIOYHYIO0 OOMOTKY U
LITaMITOBAaHHBIH JIUCT; 8 - ceTKa U3 HeprKaBelollel CTaau WiM JaTyHu; 9 - ceTka mojkiaaHas, cuareruueckas; 10 -
prIxias ooceinka; 11 - rpaBuitHast 0o0CHIIKA B KOXKYX€; 12 - rpaBUitHEIN OJI0K
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Hacocamu 00b14HO 000pyNyIOTCS OIMHOYHBIC JPEHAXHBIE CKBaKMHBL. [Ipy Hamumuuu psaa
CPaBHUTEIBHO OJM3KO PACIOJOKEHHBIX JPEHAXHBIX CKBAKHUH I1€JIE€CO00Pa3HO YCTPOWCTBO
C-)pJII/I(I)THBIX NnJn BaKyYMHBIX CHUCTEM, KOTOpBIe ITIO3BOJIAKOT OTKA3aTbCA OT yCTaHOBKI/I HaCOCOB B
KaXI0¥ OTENbHOM CKBaXkuHE [37].
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Puc. 49. Cxembl 000py10BaHUSA IPEHAKHBIX CKBAKHUH HACOCAMM

a - HACOCHAsl YCTAHOBKA C MOTPYKHBIM AJIEKTPOJBUIATENIEM; 6 - HACOCHASI YCTAHOBKA C TPAHCMUCCHOHHBIM BaJIOM; 6
- 000py/I0BaHNE CKBAKUHBI TOPU30HTAIIBHBIM [IEHTPOOESIKHBIM HACOCOM

1 - KOHAYKTOp; 2 - LIEMEHTHas 3ajuBKa; 3 - (UIBTPOBasl KOJOHHA; 4 - BOAOMOAbEMHAss KOJOHHA TpyO; 5 -
AJIEKTPOBHUraTelb; 6 - Hacoc; 7 - MaHOMET; 8 - 3aaBMKKa; 9 - npuemubIil kianan; 10 - 6eToHHbIN QyHAaMeHT; 11 -
OTIOPHBIN OJIOK
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Puc. 50. Cxema 0TBO/a BOJBI M3 CAMOU3JIUBAIONIUXCHA CKBAKUH TJIyXHUM KOJUIEKTOPOM

1 - cMOTPOBOIi KOJIOAELL;, 2 - CAMOU3JIMBAIOLIASCS CKBAXKHMHA; 3 - TIIYX0H KOJIEKTOP; 4 - BOTOCOOPHUK
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Puc. 51. KoHCTpyKTHBHAsI CXeMa IPEHAXKHON CKBAKUHBI € IPJIUPTHBIM 0TOOPOM BOBI

1 - cMoTpOBO# KoOJIOmEI;, 2 - BOJOOTBOISIIMIA KOJUIEKTOp; 3 - MmoTOK; 4 - oOcamHast Tpyba; 5 - kpbimka; 6 -
TOPJIOBHHA CMOTPOBOTO KOJIOJUA; / - MAarHCTPAIBHBIA BO3IYXONIpPOBOX; 8 - BBEITYCKHOW marpybok; 9 - GeToHHAs
noarotoska; 10 - HandunbTpoBas (BogonoaseMHast) Tpy6a; 11 - Bo3aymHas Tpy6a; 12 - rpaBuiinast oOChINKa

Cxema 00opyioBaHUs IpEHaKHBIX CKBaKWH HACOCaMU IpUBeieHa Ha puc. 49.

4.18. B oThenbHBIX choydasx HEOOXOAMMOE CHUXKCHHE YpPOBHS IMOA3EMHBIX BOJ Ha
MOJTAIUIMBAEMON TEPPUTOPUU MOXKET ObITh OCYILIECTBICHO CAMOU3IUBAIOLUIMMHUCS APEHAKHBIMU
ckBakMHaMu. OTBOJ] BOJIbI U3 TPYIIIbI WK Pia TAKMX CKBAXKHUH 1€1€CO00Pa3HO OCYIIECTBIATh
MOCPEACTBOM YCTPOMCTBA TJIYyXOro KOJUIEKTOpPa, B KOTOPBIM MOCTYMAaeT BOAAa W3 KaxIOu
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CaMOMBJIMBAIOIICHCS CKBAKMHBI, a 3aTe€M OTBOAWTCS B COOpHBIM BOJONMPHEMHHK, OTKYJa
OTKa4MBaETCs HACOCaAMU.

[Ipu »TOM Haz yCThEM KaXKJ0M CKBAKUHBI YCTPAUBAETCSI CMOTPOBOM KOJIOJEL.

Cxema KOHCTPYKIIMH CAaMOTEYHOTO IIIyX0ro KOJUIEKTopa rmokas3aHa Ha puc. 50.

B spmudTHEIX cuctemax orOopa W OTBOJA APEHAXKHBIX BOA JIpiudTHOE 000pYHAOBaHUE
YCTaHABIMBAETCS B KaXJI0M CKBa)XHMHE, a CaMU CKBaXHHBI IOJCOCIUHSIOTCS K o0O0Ien
BO3AYXOIOJAIOIIEH JIMHUM W JIMHUM BojoorBoaa. [lomaya Bo3gyxa B MaruCTpalibHBIN
BO3JIYIIHBIA TPYOOIIPOBOJI OCYIIECTBIISAETCS OT LIEHTPAILHON KOMITPEeCCOpHOU cTaHimu. Kaxmas
IpCHaXKHAs CKBaXHHA OOOpYAyeTcs CHEeNHaNbHBIM  PETyIsTOpPOM TMOJadd  BO3/yXa,
MO3BOJIAIOIIMM TOJAEPKUBATh 3alaHHbIi 0TOOp BoJbl. KOHCTpyKTHBHAs cxema 00ycTpoicTBa
JIPEHAXXHOW CKBAXKUHBI ¢ pIU(THBIM BOJOOTOOPOM TOKa3aHa Ha puc. 51.
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Puc. 52. Cxema BepTHKAJBHOIO JIPEHAkA ¢ BAKYYMHBIM BOJAONOAbEMOM

a - C BCaCBhIBAIOUINM TPYOOTIPOBOIOM; 6 - ¢ CH(poHOM

1 - BcachIBaroLMii TPyOONIPOBO/; 2 - APCHAXKHASI CKBAXKMHA; 3 - KOHTYP HACOCHOW CTaHIMHK; 4 - K BAKYyyM-Hacocy; 5
- K BOJIHOMY Hacocy; 6 - BaKyyM-KOTeJ; 7 - BOZOCOOpHHK; 8, 9 - MaKCHMasbHBIH 1 MUHUMAJbHBIH YPOBHH BOJbI B
BostocoopHuke; 10 - cudoHHbI TpyOOTIPOBOA
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BakyymHBIE CHCTEMBI OTBOJA JPEHAKHBIX BOJ I€1eco00pa3HO yCTpauBaTh IMPH 3aJIETaHUH
TPYHTOBBIX BOJ, HE IMpEBBILIAIONIEM 5 - 6 M, OT JUHAMUYECKOIO YpPOBHS BOJABI J0 OCH
BOJIOOTBOJISIIIETO KOJIEKTOPA.

BakyymubIli 0TOOp ApeHa)KHBIX BOJ| BBIMOJHSIOT B BHJIE BCAChIBAIOIIET0 TPyOOmpoBoa,
HEMOCPEJCTBEHHO NPHCOCAWHEHHOTO K HAcocy WJIM B BHAE CH(DOHHOTO BOJOOTBOJA.
KoHCTpyKTUBHBIE CXeMBbl BAKYYMHBIX JIPEHAKHBIX CUCTEM MMOKa3aHbI Ha pHUC. 52.

KOMBHUHHWPOBAHHBIE JIPEHAKHU

4.19. B ormenpHBIX Cciydasx, a HWMEHHO TpU HAJIWMYUW B OCHOBAaHMHM BEPXHEU
CJIa0ONPOHMUIIAEMON TOJIIM TOPOJ XOPOLIO IPOHHUIIAEMOr0 CJIOSl, MOTYT YCTpauBaTbCs
KOMOMHHMpPOBaHHBIE JIPEHAXKH, MPEACTaBISAIONINE CO00M coueTaHHe TOPU3OHTAJILHOW JIPEHBI C
PAOOM BEPTUKAJIBHBIX CAMOMW3JIMBAIOIIMXCS CKBaXUH. [Ipm 3TOM TrOpU3OHTalNbHAs JpeHa
VKJIaJbIBacTCs Ha TayOWHE OOBIUHO He mpeBbimaromeid 6 - 8 M. KoHcTpykTHMBHas cxema
KOMOMHHUPOBAHHOTO JIpeHaka IPUBECHA Ha pHC. 53.

B ycnoBusx, 3aTpyAHSIOIMIMX WM MCKIIOYAIOUIUX OTKPBITYIO MPOXOJKY TpaHIIEH JUIs
YKJIaJKH TOPU3OHTAJIBHOW JApEHBl, MOIYT YCTPaumBaTbCs IPOXOAHBIE TallepEeUHbIE IPEHBI,
COBMEILIEHHbIE C BEPTHUKaJIbHBIMU JPEHAXKHBIMU CKBakKMHaMU. CKBa)KMHBI KOMOMHUPOBAHHOTO
JpeHa)ka MOTYT pacrojaraTbCsi ¥ BHE CMOTPOBOTO KOJIOMIA, OOBETUHSIIOMIEI0 TOPHU30HTAIBHYIO
U BEPTUKAIBHYIO JOpEHbl. B 3TOM cilydae ycTbe CKBaXUHBI COETUHSETCS ¢ TOPU3OHTaIbHOMN
JpeHo maTpyOKOM, a HaJ] CKBaKUHOU yCTPanBaeTCs OTIENIbHBIM CMOTPOBOM KOJIO/EL.
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Puc. 53. KoncTpykTHBHas1 cXxeMa KOMOMHHPOBAHHOIO APEHAMKA

1 - ropusoHTanbHAs JpeHa; 2 - BEPTUKAIbHAS CAMOM3JIMBAIOIIAsCS CKBAXWMHA; 3 - CMOTPOBOHM Kosojen; 4 -
TOPJIOBUHA KOJIOALR; 5 - QuibTpyromas 00ckinka; 6 - IeMeHTHBIH JIOTOK

OCYHIEHUE CJJABOITPOHUIAEMBIX IIOPO/I
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4.20. JIpenaxu, paboTaromue 1Mo rpaBUTAIMOHHOMY MPHUHIMITY OTOOpa Biard, B yCJIOBHUSAX
OCyHICHUSI CIa0ONMPOHMIAEMBIX TPYHTOB, a TAaKXKe TMPH SMH30JAWYECKOM MOATOIUICHUU
OTJENBHBIX OOBEKTOB, BBI3BAHHOM KOJEOAaHWSIMU YpPOBHEH TPYHTOBBIX BOJ, 3a4acTylO
OKAa3bIBAIOTCS HEJOCTaTOYHO H(PPEKTUBHBIMH. B Takux yclIOBHSIX MOXKET OKa3aThCs
1enecooOpa3HbpIM MPUMEHATh BaKyyMHBbIE JPEHAXH MM I[THEBMOHArHETAaTEIbHBIE CHCTEMBI
OCYIIIEHHs, KOTOPBIE MOTYT BBIMOJIHATH (DYHKIIMU KaK CaMOCTOSTENBHBIX 3aIIUTHBIX YCTPOMCTB,
TaK M yCUJIMBATh OCYLIMTEILHOE JISHCTBUE TPAaBUTAIIMOHHBIX IpeHaxei [42].

BakyymHble qpeHaku

4.21. BakyymHble ApEHaXH TMPEICTABIAIOT COOOM OCYIIUTENbHBIE YCTPOMCTBA, KOTOPHIE
OCYILECTBIIIIOT OTOOp BOJBI M3 BOJOHOCHOIO IjacTta IMoj JedcTBHeM Bakyyma. HaumbGonee
3 PEKTUBHBI BaKyyMHBIC JIPEHAaXH B TPYHTaX C HU3KUMHU (QHIBTPAMOHHBIMU CBOWCTBaMH,
IPUMEHEHHE HX TO03BOJISIET OTBOAMTH Hapsily cO CBOOOJHOW M KanwuiipHyto Boay. Ilo
OPUHIUITY YCTPOWCTBA BaKYyMHBIM JApEHaXX TMpeacTaBiseT co00il OOBIYHBIN JIpeHaX,
BOJOIIPUEMHAs YaCThb KOTOPOTO TE€PMETH3UPYETCS M B HEH CO3JACTCA BAKYYyM C ITOMOUIBIO
BaKyyM-Hacoca (WM JApYroro yCTpOHCTBa, HampuMmep UriIopuiabTpoB), a HACOCHOE
000pyIOBaHUE PACCUUTHIBAECTCS HA OTBOJ KaK MOCTYNAIOLIMX IPYHTOBBIX, BOJ, TaK U BO3AyXa
[42].

BakyyMm-npeHax MOKeT ObITh BEPTUKAJILHOIO WJIM TOPU30HTAIBHOTO TUIIA.

4.22. BepTUKalbHBIA BaKyyM-ApEHaX MOXKET OBITh OCYIIECTBICH C IIOMOIIBIO JIETKUX
UTI0(UIBTPOBBIX YCTAHOBOK BAKYYMHOT'O BOJONOHUXEHUS, CUCTEM, COCTOSIIMX M3 CKBAXKHH,
000pYyIOBaHHBIX MOTPY>KHBIMU HACOCAMH U YCTPOWUCTBAMH, /Ul OTKAUYKU BO3/yXa U3 HAJBOJIHOU
IOJIOCTH CKBAXKUH U CHUCTEM, COCTOSIIIUX U3 CKBA)XMH, OOBEINHEHHBIX CU()OHOM M CBSI3aHHOM C
HUM HaCOCHOHM CTaHIMH, 00eCHeunBaloIel pa3ebHyI0 OTKaYKy U3 CUCTEMBI BOJBI U BO3IyXa.
Hcnonp3oBaHue s BEPTUKAIBHOTO BaKyyM-IpEHaka KEKTOPHBIX HUITIO(QUIBTPOBBIX
YCTAHOBOK HEIIeJIecO00pa3HO BBUAY UX rpoMo3akocT U Hu3Kkoro KII/I.

4.23. CucrtemMbl TOPHU30HTAJIBLHOTO BaKyyM-I[pe€Ha)ka II0 COCTaBY BXOJIIMX B HHX
COOpPY)KEHHH M YCTPOHCTB HE OTJIMYAIOTCA OT OOBIYHBIX ApPEHaXHBIX cucteM. OIHAKO JUIs
BO3MO)KHOCTH CO3JaHHS W TOAJEP)KAaHUA BaKyymMa BCE€ COOPYKEHHUS BBIIOJIHAIOTCS
repMerndeckumMu. OTBOJ BOABI U yHaJ€HHE BO3AYyXa SIBISIOTCS BCErAa MPUHYIUTEIBHBIMM,
IIO3TOMY 1I€71€CO00pa3HO MPOKIAbIBATh APEHAXKHBIE TPYOBl ¢ MOJIBEMOM B CTOPOHY HACOCHOM
CTaHIMM, 4YTO CO3JAET JIy4LIME YCIOBHUS JUIsl TPAHCIOPTUPOBAHMS IO JpPEHAM pa3AeiIbHBIX
MOTOKOB BOJBI M Bo3ayxa. Crnenudpudeckoil 0COOCHHOCTBIO JOJDKHBI 007aJaTh TakKkKe
CMOTpPOBBIE KOJIOIIBI U HACOCHBIC CTAHIIMU - OHU JIOJKHBI OBITh TepMETHYHBIMU: NEPBBIC U3-32
HEOO0XO0MMOCTH MOJJIEPKAHUSA BO BCEH CHCTEME APEHUPOBAHUS BaKyyma, BTOPbIE, KpOME TOTO,
U3-32 OJHOBPEMEHHOM OTKauku BOAbl M Bo3ayxa. KoHCTpykumu, obecneunBaronye
YJIOBJIETBOPEHHE YKa3aHHBIX TPeOOBaHMH W PEKOMEHJAIMM [0 pacyeTy CUCTEM C uX
npuMeHeHueM paszpadoransl B uHcTUTyTe BHUM BOJT'EO.

ITHeBMOHarHerarTe/JbHbIe CHCTEMBI OCyHICHUsA

4.24. TIHeBMOHAarHeTaTeIbHBIE CHCTEMBI OCYIICHUS TPEJHA3HAYEHBI I 3allUTHl OT
MOJTOTUICHUS TPYHTOBBIMU BOJIAMHU 3aCTPOEHHBIX TEPPUTOPUH, CJI0KEHHBIX
CTa0OMPOHUIIAEMBIMU TPYHTaMH, a TaKKe /s 3allUThl OT TMOATOIUICHUS U YBJIaKHEHUS
3arayOJIeHHBIX YacTeH, paclloNOKEHHBIX Ha 3TUX TEPPUTOPHUSX 3IaHUA U COOPYKCHHI.

JelicTBUe THEBMOHArHETATEIbHBIX CHUCTEM OCYIICHHS 3aKJIIOYaeTCs B MPUHYAUTEIbHOU
¢unbTpanuu (IpoAyBKe) BO3AyXa MOJ JAaBJIEHHUEM Yepe3 OCYyLIaeMblii TPYHTOBBIA CIIOH, 4TO
oOecrieurBaeT BHITECHEHHWE TPABUTAIIMOHHON BOABI M BBIHOC BIaru u3 TpyHTa. llpm 3TOM
npelenbHOe 3HAaUCHHE JaBJICHUS HarHETaeMOro BO3JlyXa JIMMUTUPYETCS YCIOBUSIMH MIPOYHOCTH
rpyHTOB [17].

CamocTosiTeIbHOE  NPUMEHEHHWE  I[THEBMOHArHETATEIbHOM  OCYIIUTEIBHONM  CHCTEMBI
EJIeCO00Pa3HO U PIKOHOMUYECKH OIPAaBAAaHO B TEX CIyYasx, KOTJa HEOOXOAUMO CE30HHOE HIIU
NePUOANYECKOE CHIKEHHE BIIAKHOCTU CIa0OMpPOHUIIAeMbIX TPYHTOB. KOHCTPYKTHBHBIE CXEMBI
ITHEBMOHArHETATENbHOTO IPEHaKa IIPEICTaBIECHbI Ha pucC. 54, 55.
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4.25. OCHOBHBIMH KOHCTPYKTHBHBIMU 3JIEMEHTAaMHU ITHEBMOHArHETATEIbHON OCYIIMTEIbHOMN

CHUCTEMBI SIBJIACTCS THUTAIOMNUNA (HarHeTaTeIbHBIN) KaHal B BUAEC TPyOYaTOW TOPU3OHTAIHHOU
JPEHBI WM CKBaKUHBI, KOTOPBIA MOXKET OBITH JIOTIOJIHEH NMPHEMHOM TpyO4aToil MM IIacTOBOM
JIPEHON M TPUEMHBIM KOJIOALIEM. OJTH 3JIEMEHThl MOTYT COYETaThCsl B BUJE OINpEAENCHHON
CUCTEMBI.

OuibTpalys Bo3lyxa U3 TpyO4yaToro 3JeMeHTa B TPYHT OCYILECTBIISETCS Yepe3 OTBEpCTUs B
HIDKHEH 4acTH CTEHKH TPYOBl Yepe3 CTHIKOBBIE 3a30pbl MEXAY TPyOaMu WM Yepe3 HMOPHCThIC
CTEHKH TPYyOOUIBTPOB. Y CTPOMCTBO OOCHINKK B HWIKHEH TPETH MEepUMeTpa TPYObI BBHITIOIHSET
TUIIb (GYHKUIMU BBIPABHUBAHUS JIaBJICHUS BO3/AyXa BAOJb HApYKHOro KOHTypa TpyOsl. [Toabop
TaKOH OOCBIKH CBOJMUTCS, IO CYIIECTBY, JIMIIb K MPEJOTBPALICHUIO MEXaHHYECKOIO
IPOCHIIAHUS YaCTHUI] TPYHTA B TIOPOBOE MPOCTPAHCTBO OOCHINKH U B MOJIOCTh TPYOBI.
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Puc. 54. KoncTpyKTHBHBIE CXeMbl THEBMOHATHETATEAbHBIX TOPU30HTANBHBIX APeHaMKel

a - OTHOJIMHEHHOTO0; 6 - IBYXJIMHCHHOTO C TIPUEMHO JPEHOW; 6 - IO THOTO
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1 - KOHTYp 3allMIIAeMOr0 COOpPYXCHHUs; 2 - HarHeratenbHas TpyOa; 3 - mpuemHas TpybOa (mpena); 4 -
HarHeTaTeJbHBIN KOJIO/EIl;, 5 - MPUeMHBbIN Kooell; 6 - HalOPHBIN BO3AYXOMPOBO; 7 - OTMOCTKA

4.26. Jlns oTBOJA HACKHIIICHHOTO BJIAroi BO31yXa, a Takke cOopa M OTBOJA KOHJEHCATa W
BJIarW, BBDKMMAaeMOU U3 MOp IPYHTA B HAYAJIbHBIN TIEPUOJ] OCYIICHHSI, YCTPAHUBAIOTCS TPHEMHBIC
APCHBI U3 pr6, YKIIaAbIBACMBIX MapaljICJIbHO IMHCBMOHAIHCTATCIIbHBIM APCHAM W HMMCIOIIHUM
BO3JIyXO- M BOJIONIPHUEMHBIC OTBEPCTUS W (UIBTPYIOMIYIO OOCHINKY (MM OOEPTKY) B BepxHEH
NOJIOBUHE ceyeHHsA. llpuemHble JpeHbl 00OpYIyIOTCS CMOTPOBBIMH  KOJIOALAMH €
OTCTOWHUKAMH, U3 KOTOPBIX BOJIA TI0 MEPE HAKOTUICHHS YIAISIETCs CAMOTEKOM HIIM OTKAYKOM.

aona
e
.-"‘
8
r_F :
o o
L ]
% 4 -1
& i :
[ bt
5 s
: 5
|- A
& . 8
= ;
B £
v L
- ‘,'I
= .
a :
= :
| I-'
] 3 ]
L L
et LN &
2 g™ B
= b
] 3
i
&

Puc. 55. CkBa:XnHbI IHEBMOHATHETATEILHOI0 IPEHAKA

d - HAarueraTrcJibHasd, 0 - BOAOIpHUEMHAaA
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1 - 6eror mapku M300; 2 - TAMITOHAKHBIM [IEMEHTHBIN PACTBOP; 3 - YINIOTHCHHAS MK, 4 - ecyaHblii OOCHITHON
¢bunbTp; 5 - BomomogbeMHas TpyOa; 6 - TIMHSHBIA 3aMOK; 7 - TOTPYXHOH Hacoc; 8 - dunpTpoBas cerka; 9 -
(bUIBTPOBBIN KapKac
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Puc. 56. Cxembl NIAHOBOT'0 PACIOJI0KeHHUSI CKBAKUH ITHEBMOHATHETATEJIBHBIX JIPeHaKeH

a - C pacnoJIOKCHUEM CKBAKMH BHC KOHTYpa 3alllUIIacMOI0 COOPYIKCHUS, 0-c PACIIOJIOKECHUEM HArHeTaTCIbHbIX
CKBa>XMH BHYTPH KOHTYpa 3alllUIIAEMOI'0 COOPYIKCHUS; 6, ¢ - C PACHOJIOKCHUCM HArHETATC/IbHBIX CKBAaXXWH BHYTPHU
KOHTYpa BOJOHPUCMHBIX CKBaXXUH; 0 - ¢ PpacCroJI0KEHUEM BO[[OHpHeMHOﬁ CKBaAXXWHBI BHYTPU KOHTYpa
HarHeTaTcCJIbHbIX CKBAXXWH

B BepTUKaIbHBIX MTHEBMOHATHETATEIBHBIX OCYIIUTEIBHBIX CHUCTEMax pOJb ITHTAIONIETO
KOJIOJIIa BBITIONHSIOT CKBAXWHBI C TEPMETHU3MPOBAHHBIM YCTheM (CM. puc. 55). YnaneHue
BO3/yXa M BJard MPOU3BOAUTCS Yepe3 MPUEMHBIC CKBAKHHBI, TIPOOYPEHHBIC BOKPYT MHTAOLICH
CKBOKMHBI WJIH TMApPAUICIBHO PSAAYy MUTAIOMUX CKBaxHH (puc. 56). Boma m3 OTCTOWHWKOB
NPUEMHBIX CKBRXHWH yHAasieTcss JUOO0 TEepUOIUYECKON OTKAYyKOW, MO0 C MOMOIIBIO
CHEIHUAbHBIX ~ BIAronorIONIAIOIIUX  €MKOCTEH,  3alOJIHEHHBIX  BOJOTMOTJIOIIAIOIIAM
(BOIOYIEpKUBAIOIINM) MaTEpHAIIOM (HAIPUMEpP, XJOPUCTHIM KaJbIIMEM, MTOPUCTOM OyMaro u
JIPYTUMH TIOTJIOTHTENISIMU ), KOTOPBIA ITOCIIE W3BJCUCHHS] M3 OTCTOMHUKOB BBICYIIMBACTCS H
BHOBb IPUMEHSETCS JJIs1 yKa3aHHBIX IENICH.

CUCTEMBI 3AIIATHBIX IPEHAKEN

4.27. OtnenbHbIE JIOKATBHBIE JPEHBI OOBEAMHSIOTCS B CHUCTEMBl 3alIUTHBIX APEHAXKEH,
obecreunBaroiue TpebyeMoe CHIKEHHE YpOBHEW TPYHTOBBIX BOJ Ha BCEW MOATAILIMBACMOMN
TCPPUTOPUNU HJIM HA OTACIBHOM JIOKAJIBHOM YYaCTKCE. OCHOBHBIMH Pa3SHOBUAHOCTAMUA
JPEHAXXHBIX CHCTEM SIBIISIIOTCS OJHOJMHEWHBIE, TBYXIMHEHHbIE, MIOMAAHbIE (CHCTEMaTHUECKHE)
U KOJIbIIEBbIE (KOHTYpPHBIE). Bo MHOTHX ciyyasx ApeHa)KHbIE CHCTEMBI UMEIOT 00Jiee CIIOKHBIE
IUTAHOBBIE OYEPTaHUs, MPEACTaBIsAs U3 ce0s KOMOMHAIMYU JUHEHHBIX M KOHTYPHBIX CHUCTEM, a
TAaKKC COCTOAT U3 OTACIBHBIX KOPOTKHUX BGTBGFI, O6’be,Z[I/IH€HHBIX C€ANHbIM BOI[OCGOpHBIM
KoyiekTopom [1, 3].
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Puc. 57. Cxema qByXJINHEIHOT0 ApeHAMXKA

1 - KOHTYpBI 3aIIUIAEMBIX COOPYKEHHUH; 2 - OeperoBas ipeHa; 3 - TOJIOBHasI IpeHa; 4 - ypoBeHb I'PYHTOBBIX BOJ JI0
YCTPOWCTBA APEHAXa; 5 - MOHMKEHHBIH YPOBEHb I'DYHTOBBIX BOJ; 6 - ypOBEHb BOJBI B PEKE O CTPOMTENILCTBA
BOJIOXPaHWINING; / - HOPMaJIbHbIA HOATIEPTHII TOPU3OHT BOABI IOCIIE YCTPOUCTBA BOJOXPAHMININA

4.28. OgHonuHEHBIC APEHAKHBIE CHCTEMbI IPUMEHSIOTCS JUIS ITepexBara U 0TBOAa OOKOBOTO
MPUTOKA TPYHTOBBIX BOJI, @ TAaKXK€ B TeX CIydasX, KOrJa JACHCTBUS OJHOJMHEHWHOW JPEHBI
JOCTaTOYHO MJIS CO3[aHUSl YCTOWYMBOTO TIOHMIKCHHS B TMpejaeNiaX 3alluIlaeMOi TEPPUTOPHH.
HaunGosee 9acTo OMHOMWMHEHWHBIMHU SBJSIOTCS TOJIOBHBIE (I€pEeXBaThIBAIOIINE) U OeperoBbie
JPEHAXKU.

4.29. JIByxnMHEHHBIC TPEHAKHBIC CUCTEMBI NMPUMEHSIOTCS B TEX CIydasx, KOrjaa JIEHCTBUSA
OJTHOJIMHEHHOTO JpeHa)ka HEeJOCTATOYHO s oOecrmedeHuss TpeOyemMoro TMOHMKEHUS Ha
3aIUIIAEMON TEPPUTOPHUH, a TAKXKE B CIydasx, Korja HEOOXOAMMO 3alUTUTh TEPPUTOPHUIO OT
OOKOBOT0 MPHUTOKA K HEll ¢ IByX cTOpoH. Takoil ApeHaxk Hanbosiee 4acTo COCTOUT U3 OeperoBoit
JIPCHBI, YIIOKEHHOW BIIOJIb BOJOEMAa, W TOJIOBHOW IPEHBI, MPOXOMISIICH BAOJIb BepxHEH (co
CTOPOHBI TIOTOKA TPYHTOBBIX BOJI) TPAHUIIBI 3alIUIaeMoil Teppuropur. Cxema IBYXITUHEHHOTO
JpeHa)ka MpeJICTaBIeHa Ha PHC. S7.

4.30. IInomanHas ApeHakHas CHUCTEMa MPEIHA3HAYaeTCs IS 3aIIUThl OT IMOATOIUICHHS
3HAYUTENbHBIX TUIONIAICH U TIPEACTABISIET COO0M CHCTEMY TOPHU30HTAIBHBIX MJIH BEPTHKAIBHBIX
IPEH, PACIIOJIOKEHHBIX OoJiee WM MEHEe PaBHOMEPHO IO BCEH NPEHUPYEMON TEPPUTOPHH.
OO6bIYHO JpeHBl (B TOPU3OHTANBHBIX IIJIOMIATHBIX CHCTEMAax) WU PSAAbl JIpeH (B TIOMIATHBIX
CUCTeMax, OOBEIUHSAIOMNX BEPTUKAIBHBIC APEHBI) PEKOMEHIYETCs pacrojiaraTh HapaiedbHO

ApyT IpyTy.
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Puc. 58. Cxema KoJb1EBOr0 ApeHaka

a - TOPU30HTAIBHOTO; 6 - BEPTUKAIBHOTO

1 - KOHTYp 3aLIMIIIAEMOr0 COOPYKEHHs; 2 - JIMHUSI [peHaXKa; 3 - CMOTPOBOM KOJOAeL; 4 - HEMOHW)KEHHBI YPOBEHb
TPYHTOBBIX BOJI; 5 - HOHIKEHHBIN YPOBEHb I'PYHTOBBIX BOJI; 6 - rOpH30HTaNbHAsL qpeHa; 7 - BepTHKaIbHAs JpeHa; 8
- BOZIOOTBOJI
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Puc. 59. Cxema nJiomaaHoro apeHaxa

a - TOPU30HTAIILHOTO; 6 - BEPTUKAJILHOTO

1 - KOHTYp 3alIMIIAEMOr0 COOPYXEHHsS; 2 - OChb T'OPHU30HTAILHOTO JpEHa)xka; 3 - CMOTPOBBIC Koioaupl; 4 -
HETIOHWKEHHBIH YpPOBEHb TI'PYHTOBBIX BOJ; 5 - INOHW)XEHHBIH YPOBEHb TIPYHTOBHIX BoJ; 6 - Bomoymop; 7 -
BEpTHUKaJIbHbIE JAPEHBI; 8 - HallpaBJIeHHe OTBO/IA APEHAXKHBIX BOJ

["'opu30HTaNBHBIN IIOIAAHBINA JPEHAXK CIENYET IPUMEHATH [IPU MUTAHUH MOJ3EMHBIX BOJ 32
cd4eT HHOWIBTpaUU aTMOC(HEPHBIX OCAJKOB HEMOCPEICTBEHHO B NpeAeiax 3alluIlaeMon
TEPPUTOPUH, & TAKXKE MPU HATUYUU UHQUIBTPALMOHHOIO MUTAHUSA TEXHOTCHHOI'O XapakTepa
(yreuek  ¥3  BOJOHECYIIMX  KOMMYHHKAIlMii ¥  COOpPYXECHMH,  KOHACHCAIIMOHHOTO
BJIArOHAKOIUIEHUS 110/ acaTbTUPOBAHHBIMUA U OETOHUPOBAHHBIMH [TOBEPXHOCTAMU U IP.).

BepTukanpHblii MIIOMIATHBIA JPEHAX I[EJIECO00pa3HO MPUMEHSATh NPU HAIMYUHM TTHTAHUSL
BEPXHETO0 CJIA00MPOHMIIAEMOTO CJI0S 3a CYET MEePETOKa MOA3EMHBIX BOJ U3 HUKHETO HAIIOPHOTO
TOPU30HTA.

CxeMmbl IJIOLIAIHBIX CUCTEM JpeHa)kel MPUBEIEHBI Ha puc. 58.

4.31. KonbueBble (KOHTYpHBIE) CHCTEMBI JpEHAXEH NPUMEHSIOT Ui 3alluThl  OT
HOJTOIUIEHUS. OTAENBHBIX COOPYXKEHUN MM HEOOJIBIIMX YYaCTKOB TEPPUTOPUU. DTH CUCTEMBI
NPEICTaBISIOT COOON pa3inMyHONW KOH(UIYpallMM 3aMKHYTbIE KOHTYpBI JPEHAXHBIX JIMHHM,
BBITIOJIHCHHBIX B BUJI€ TOPU30HTAIIBHBIX, BEPTUKAIBHBIX WM KOMOMHUPOBAaHHKIX JpeH (puc. 59).

COOPYKEHUA HA IPEHAXKAX

4.32. Jlns KOHTpPOJS 3a pabOTOM JpeHaXKHOM CETH M TPOYUCTOK JpEHaKa Ha JIMHHIX
TOPU3OHTAIBHBIX JPEHAXKEH yCTPamBaIOTCS CMOTPOBBIC KOJOJIIBI, KOTOPHIE PACIIOIaraloTCsl B
MecTax COWICHEHHs JPCHAKHBIX JIMHUH Ha MOBOPOTAX JIMHUH JPCHAXKA, B TOYKAX W3MCHCHHS
YKJIIOHOB OTJIEJIbHBIX YYacTKOB JpEHaXka, AMAMETPOB JAPCHAXHBIX TPyO, a TakKe B TOYKaX
nepenaos.
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CMOTpOBBIE KOJOIIBI HA TPEHAXKHOW CETH BBITIONHSIOTCS TaK K€, KaK Ha KaHAIM3AIMOHHBIX
KojutekTopax B coorBercTBuM co CHwull 2.04.03-85 «Kananmuzamus. HapyxkHbie cetn u
coopykeHUs». PaccTosiHMe MeXay CMOTPOBBIMU KOJOAIIAMH Ha MPSIMOJMHEHHBIX ydacTKax
MPUHUMAETCS B 3aBUCHMOCTH OT JHaMETpa JIPEHaXHBIX TPyO, He Oomee: 150 - 250 mm - 50 m;
300 - 400 MM - 60 m; 500 MM - 75 M.

CMOTpOBBIE KOJIOIIBI MOTYT UMETh KPYTJI0€ I MPSMOYTOJIbHOE CEUCHHUE.

CMOTpOBBIE KOJIOAIBI KPYIJIOTO CEYEHHs OOBIYHO MpuHHUMaroTcs auamerpamu 1000, 1500
i 2000 MM.

JlinHa npsIMOYToJIbHBIX KOJ0AueB npuHuMaeTcs paBHoil 1000 MM, mmpuHa ux - Ha 400 MM
OoJpiie AMamMeTpa HaubobIIe TpyObl, HO He MeHee 700 MM.

BricoTa paboueill yacTu Kojo[Ia JOJKHA COCTaBIATH He MeHee 1,8 M, a mpu riyOuHe
3aJI0KEHUS IpeHaka MEeHee 2 M BhICOTa pabouel 4acTh KOJIOJIa MpuHUMaeTcs paBHoi 1,2 - 1,5
M.
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Puc. 60. Cxema KOHCTPYKIIMM CMOTPOBOI0 IPEHAKHOI0 KOJIO0ALA

a - IpY TIyOWHE yKIIaJIKu JPEeHsI 10 7 M; 6 - IpH TIyOuHE yKIIa Ky JpeHbl Oosee 7 M
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1 - pabouast 4acTh KOJOMIA; 2 - TOPJIOBUHA: 3 - HAOETOHKA; 4 - IUIMTA JHMIIA; D - IEMEHTHO-TIECYaHas MOArOTOBKA;
6 - mpeHaxxHast TpyOa; 7 - OTCTOWHHUK; 8 - ;miok; 9 - kpbiika; 10 - xkene300eToHHOE KOJbII0; 11 - INTa NepeKPHITHSE;
12 - otmocTKa

CMOTpOBBIE KOJOAIBI Ha JApeHaxax ¢ TIyOMHOM ykiIaaku Oosiee 7 M BBINOJHAIOTCA U3
COOPHBIX JKEJIE300€TOHHBIX 3JIeMEeHTOB auameTpoM 2000 MM IO HHAMBUAYATBHBIM IIPOSKTaM.

I'myGuHa OTCTOMHUKOB CMOTPOBBIX KOJO/LEB 00BIYHO IpuHUMaeTcs B npenenax 0,3 - 1 m.

[Tpy HanUuMK arpecCUBHBIX 110 OTHOLIEHUIO K OETOHY TPYHTOB U IPYHTOBBIX BOJl CMOTPOBBIE
KOJIOZIIbI BBIMOJIHSIOTCS U3 KUPIHYA.

KoHCTpyKTHUBHBIE CXE€MBI CMOTPOBBIX KOJIO/IEB MTOKa3aHbl Ha puc. 60.

4.33. TlepemagHple KOJOAIBI NMPH Mepenagax g0 1 M BBIMOJHAIOTCS M3 COOPHOTO HIH
MOHOJIUTHOT'O 5K€J1€300€TOHA B COOTBETCTBUH C TUIIOBBIMU IIPOEKTAMH.
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Puc. 61. KoHCTPYKTHBHBIE CXeMBbI NepPenaJaHbIX KOJI0ILEB

a - ¢ IePEIyCKHBIM KOJICHOM BHYTpPH KOJIOAL@A; O - C EPEIYCKHBIM KOJICHOM BHE KOJIOALA
1 - ropnioBuHa; 2 - cTankHOM TPOHHUK; 3 - acOecTorieMeHTHast TpyOa; 4 - moadeToHKa; 5 - 1medeHb, BTpaMOOBaHHbIH
B IPYHT; 6 - nepernyckHas crajibHas Tpy0a; 7 - OeTOHHas 3a/eka
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Puc. 62. KoHCTPYKTHBHbIE CXeMbI YCTheBbIX BbIIIYCKOB JPEHAKHBIX BO/I

a - ¢ OETOHHBIM OT'OJIOBKOM; 6 - C KAMEHHBIM MOILICHHEM; 6 - U3 JKeJIe300€TOHHbBIX 3JIEMEHTOB
1 - OeTOHHBIN OTOJIOBOK; 2 - TPYHTOBBIN OTKOC; 3 - acOecTomeMeHTHas Tpyda; 4 - apeHakHast TpyOa; 5 - mpeHakHas
00CBINKa; 6 - KAMEHHOE MOILEHHE I10 IIECYAHON MOATOTOBKE; 7 - XKEIE300€ TOHHBIE DIIEMEHTEI

IIpu nepenagax Gosxee 1 M KOJOIIBI BBIIOJHAIOTCSA CO CIEHHUATBHBIM YCTPOHCTBOM IO
cXeMmam, IpUBEIEHHBIM Ha puc. 61.

4.34. OTBOA [peHaXHBIX BOJ OCYHIECTBISIETCS B OTKPBITbIE BOJOTOKH, BOJOEMBI,
MOTJIOUIAIOIINE KOJIOALBI M CKBAXMHBI UM B BOJONPUEMHUKHU HACOCHBIX CTAHIUI MO TIyXUM
TpybonpoBogam o coorBercTBUM co CHull 2.04.02-84. IIpu 3TOM BBINYCK JAPEHAXHBIX BOJ B
OTKPBITHIE BOJJOEMbI, BOJIOTOKH, a TaK’K€ TOPU3OHTHI MOA3EMHBIX BOJ JOJDKEH MPOEKTUPOBATHCS
¢ yuetoM [IpaBun oxpaHbl MOBEPXHOCTHBIX BOJOEMOB OT 3arpsi3HEHUN CTOYHBIMU BOJAMH, a
takke [lonokeHHss o0 MOpsiIKe HMCMOJIb30BAaHUS W OXpaHbl MOA3EMHBIX BOJA Ha TEPPUTOPHUU
CCCP, yrBepxaennoro Munreo CCCP u I'maBroccannncnekuueit CCCP B 1960 1.

Beimyck JpeHakHBIX BOJ HE pa3peliaeTcs OCYHIECTBISATh B XO3SIMCTBEHHO-OBITOBYIO
KaHaJIW3alMl0, B 3aMKHYTble HHM3UHBI, B pa3MbIBacMble OBparu, €cid IIPOEKTOM HeE
MpelyCMaTPUBAIOTCS CHIEIUAIBHBIE MEPOTIPUSATHUS IO YKPEIUIEHUIO UX pycia U Oeperos.

VYcTheBbIE COOpPYKEHUS MJI BBIIYCKOB JPEHAXKHBIX BOJA B OTKPBITBIE €CTECTBEHHBIE
BOJONPUEMHUKH (PEKH, O3epa M Jp.) BBINOJHAIOTCS B BHJIE OETOHHBIX OrOJOBKOB, U
YKPEIUISIOTCS OSTOHHBIMH TUIMTAMU HITH KAMEHHBIM MOILEHHEM (puc. 62).

[Ipy HEBO3MOXXHOCTH OpPraHU30BaTh COPOC ApPEHAXKHBIX BOJ CAMOTEKOM, a TaKXkKe IpHU
HEOOXOJMMOCTH TOJauu APEHAKHBIX BOJ HA OYHCTHBIE COOPY)KECHHUS JUIS OYHUCTKU BOJ OT
BpPEIHBIX TpUMecedl W T.II. YCTPAUBAIOTCA IMPOMEXKYTOUYHBbIE BOJONPUEMHUKU - CTaHLUU
NEPEKaTKU APEHAXKHBIX BOJ.

O0beM NPUEMHOTO pe3epByapa IpPEHAXHOW HACOCHOW CTaHIMU JOJDKEH Ha3HA4YaThCs W3
ycIoBUsi paboThl pabouero Hacoca B TeueHue He MeHee 10 - 15 muH. CTaHnmm mnepekadyku
JIPEHaXXHBIX BOJI JOJHKHBI ObITH aBTOMAaTU3UPOBAHBI.

PEKOMEHJIAIIMA 1IO HIPOU3BOACTBY PABOTBI IIPM CTPOUTEJBCTBE
APEHAXEHN

4.35. TlpousBoAcTBO pabOT MO CTPOUTENBCTBY JApPEHaKEH TOJDKHO BBIMONHATHCS B
COOTBETCTBUM C IIPOEKTOM OpraHu3aluu padoT WM CIEUUAIBHO Pa3paOOTaHHBIMU
TEXHUYECKMMH  YCIOBMSIMHM, B  KOTOPBIX  YUYUTBIBAIOTCSI  MHKEHEPHO-TEOJOTMYECKHE,
THJIPOT€OJIOTHYECKHE M apXUTEKTYpHO-TUIAHMPOBOYHBIE OCOOEHHOCTH  3alMIAaeMOil  OT
HNOATOIUICHUS! TEPPUTOPUH, OTICIBHBIX €€ YYaCTKOB U OOBEKTOB, KOHCTPYKIIMH JpPEHaXEH,
XapaKTepUCTUKH IPUMEHAEMBIX MAaTEpUAJIOB, CIOCOOBI TPOU3BOACTBA PadOT.

Jlo nHayanma paboOT MO YCTPOWCTBY JApEHa)ked HaIpaBlieHHE APEHAKHBIX JUHUA U HX
MECTOINOJIOKEHNE  COIVIACOBBIBAIOTCSI € HJHEPreTHYECKMMU M JIPYTMMH  ciayx0amu 1o
AKCIUTyaTal[My BCEX BUJOB MHKEHEPHBIX KOMMYHHMKAIMH.

['onoBHOM, OeperoBoi, CUCTEMATHUYECKUH WM KOJBIIEBOH NPEHAXH B CaAMOCTOSTEIBHBIX
TpaHILIEsAX JOJDKHBI BBINOJHATHCS, KaK IPaBWIO, A0 Hadajla CTPOUTENbCTBA IIOJ3EMHBIX
COOPYKEHHUI.

[IpucteHHble ApeHaXkW, YKJIaJAbIBAEMbIE B NA3yXH CTPOSILUXCS COOPYKEHHH, TOJIKHBI
BBINOJIHATHCS 11OCIIE 3aKIaJKU (YHAAMEHTOB 3alIUIAEMOT0 COOPYKEHHUS.
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PaboTel 1O OTpBIBKE TpaHIICH M YKJIAJKW TOPU3OHTAIBHOTO JIpeHa)Xa CIleayeT
OCYILECTBIIATh B HAIIPABJICHUH BBEPX IO YKIJIOHY JIPEHAXKHOHN JIMHUH.

[Ipu oTpeIBKE TpaHIIEH MEXaHU3MaMU CleyeT HeJoOupaTh BeleMKy rpyHTa Ha 10 - 12 cM 1o
OTHOILEHHIO K IMPOEKTHBIM OTMeTKaM. HenocpencTBeHHO nepes 00ChInKon (GpuiIbTpa U yKIQAKOH
JPEHaXXHBIX TPYO IPYHT OCHOBAHUSI IpEeHAXa BEIOMPACTCS U 3alMIACTCs BPYUHYIO.

He nonyckaercs yknaaka GpuiabTpa Ha pa3KUKEHHBINA TPYHT UJIH B BOALY.

[Ipu oOTpBIBKE JpEHaXKHBIX TpAHIICH M YKIAAKEe IpeHaka JOJDKHO OBITh 0becredeHo
BPEMEHHOE OCYILIEHHE IPYHTOB BILIOTH /10 3aBEPLICHUS €r0 CTPOUTEILCTBA.

OTKpBITBIE TpaHIIEW CJEAYET 3alUINATh OT CTOKA B HHUX JOXKJIEBOM M Tajlol BOABI, a
CTPOMTENbHBIE KOTJIOBAHBI - OT 3aTOIUIEHHs MOBEPXHOCTHBIMU BoaaMu. HeobGxoaumo Takxke
OpPraHU30BBIBATH CBOEBPEMEHHOE YJAJIEHNE IOBEPXHOCTHBIX BOJI, IOCTYNAIOIINX B TPAHIIEH.

VYknaaky ApeHaxHbIX TPyO cielyeT MpOM3BOIUTH HAa MOArOTOBICHHOE OCHOBAaHHUE, HAuMHAas
OT HIDKHEH TOYKH POpHIIS.

[lpy HanMuuM 1O MNPOEKTy [ABYXCIOMHOrO (QUIbTpa YKJIagKa BTOPOrO CIJIOSl JOJDKHA
BBITOJIHATHCS JIUILB TIOCNIE YKIIAJAKH U IPUEMKH TIEPBOTO CIIOsl PUIThTpa.

[Ipoe3n 1o ymnoxxeHHOMY (PHIIBTPY, a Takke cOpOC Ha HEro TPyHTa C OOJIBIION BBICOTHI HE
JIOITYCKaeTCsl.

V10XXeHHBIH (QWIBTP AOKEH ObITh 3allUINEH OT 3arpsa3HEHUus M Pa3pyLICHHUs CIIOEM
MECTHOT'O TpyHTa TOJNIIMHOM HEe MeHee (0,5 M, ClIOCOOBI OTCHINKH KOTOPOTO JIOJKHBI 00ECTIEYUTh
COXPaHHOCTh (PUITBTpA.

VYknanky pactpyOHBIX TpyO cieqyeT MpOM3BOAUTH pacTpyOaMHu BBEpX MO YKJIOHY TPacChl
JpeHaxa.

[IpsiMONTMHEHHOCTh yYaCTKOB TPYOUaTOro JpeHa)xka MEXAY CMEXHBIMH KOJIOJIIAMH JOJDKHA
IPOBEPATHCS IyTEM MPOCMOTpa TpyOOmpoBOAa Ha CBET ¢ MOMoIIbI0 3epkana. [Ipu sTom
BUAMMOE B 3€pKajlie CBETOBOE IISITHO MAOJDKHO OBITH Kpyrio ¢opmbl. OTKIOHEHUS OT
MPaBUIIBLHOMN (HOPMBI 110 TOPU3OHTAIIH JOIMYCKAOTCS He Oosiee ueM Ha 30 MM B KaXIyI0 CTOPOHY.
OTKIIOHEHHUS OT KPYTJIoi (hOPpMBI IO BEPTUKAIH HE JIOITYCKAIOTCSL.

JlHuIe ¥ HUXKHEE KOJIBLIO CMOTPOBBIX KOJOJIEB C OTCTOMHHUKOM JOJIKHBI BBIOJIHATHCS /10
yKJIaZKu TpyO. BepxHue Kosblia, TOpIOBUHBI U IPYTHE AJIEMEHTHI KOJIOIIEB CIeyeT BO3BOIUTH,
KaK [IPaBUJIO, TOCIIE YKIIAJAKH TPYO.

Iopsimok u crmoco® oOpaTHOM 3achIIKM TpaHLIEW MOJDKHBI HMCKIIOYATh IOBPEXKICHHUE
JpeHaxa.

IIpu ycTpolcTBE IUIACTOBBIX [JPEHAXXEM B OCHOBAHMM 3alUINAEMBIX COOPYKEHUU
(GuIbTpyOIIas NOCTENb YKIAAbIBAETCSA MO CIVIAHUPOBAHHOMY M 3a4UIIEHHOMY JIHY KOTJIOBaHa,
II0CJI€ YEro IPOU3BOJUTCS €€ YKATKa JIETKUMU KaTKaMH.

Cpazy e mocie yKIaakud (QUIbTpyromias IMOCTeNb JO/KHA OBITh MPUKpPHITA OCTOHHON
MOATOTOBKOM I10 CJIOK0 TOJI WJIM NIepraMuHa, IpeJoTBpallaloliuX IPOHUKHOBEHUE LIEMEHTHOTO
pactBopa B GUIBTPYIOIINI MaTepHall.

Ha Bce ocHOBHBIE omepanuu, CBSI3aHHBIE CO CTPOMTEILCTBOM JApeHaxa (IOAroTOBKa
OCHOBAHHUs, OTCBINIKA CJI0€B (QWIbTPA, YKJIAAKa APEHAXKHBIX TPYO, OKOHUYATEIbHAs MPOYMCTKA
TpyO M KOJIOALIEB), JOJDKHBI OBITH COCTAaBIICHBI aKThl HA CKpBIThIE paboThl. [locne oxoHYaHMS
CTPOMTENBCTBA IPEHAXka 3TU AKTHI IEPENIAIOTCs CIyK0€ IKCIITyaTaluH.

5. THAPOI'EOJIOI'MYECKHUE PACYETHBI JPEHAKHbBIX CUCTEM
OBIIME ITOJIOKEHUA

5.1. JIpeHaxxHbIE CUCTEMBI Ha MOATOIJICHHBIX TEPPUTOPHSX TOJKHBI 00eCeuuTh Tpedyemoe
CHIJKEHHE YpPOBHEH TIPYHTOBBIX BOJ, KOTOpPOE€ OIpeNesAeTcsl 3ariayOJIeHueM I0/BaJIbHbBIX
IIOMEIICHUHN, TOHHEIEH, KOMMYHUKALMM U OPYIUX IOA3EMHBIX COOPYXKEHUMN, a IPU 3allUTe
3HAYUTEINIBHBIX 110 IO TEPPUTOPUI - HOPMOM OCYIIEHHUS.

[Ipu 3ammTe OT MOA3EMHBIX BOJ 3aryyOJIEHHBIX COOPYKCHHMH IOHWXKCHHBIH YPOBEHb
TPYHTOBBIX BOJ JIOJDKEH HAXOJUTBHCS HUKE OCHOBAaHUS JTHUX COOPY)KCHMHM HE MECHEE 4eM Ha
BBICOTY KalWJIJIIPHOIO IOJHATHS BOJABI B OCylIaeMbIX IpyHTax. [lmaHoBoe pacrososxkeHue
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JpeHa)ka TOTO WJIM MHOTO THIMAa 3aBUCUT OT TOr0, 3aCTpOEHA 3allullaeMas TEPPUTOpUS WU
TOJIBKO MPElyCMaTPUBACTCS K CTPOUTEIILHOMY OCBOEHHUIO.

B nepBom ciyyae (T.e. Ha 3aCTPOCHHBIX TEPPUTOPUSAX) PA3MELICHUE IPCHAXKHBIX COOPYKEHUH
OnpeAeNsieTcs B3aMMHBIM PACIOI0KEHUEM 3IaHUM, COOPYKEHUM, KOMMYHHUKalMi. [[peHakHas
cHcTeMa TPaCCUPYETCs 10 yJacTKaM, CBOOOIHBIM OT 3aCTPOMKH, XOTS TaKOE PACIIOIOKEHHUE €€ C
TOYKH 3pEHUS THAPOIMHAMUYECKHX YCIOBUN pabOThI MOKET OKa3aThCs AAJEKO HE HAUIYUIIHUM.
Bo BTOpOM ciydae (T.e. Ha TEpPPUTOPHSX, MOJUISKALINX 3aCTPOIKE) pa3MelleHHe IpeHaxa
000CHOBBIBACTCS THAPOT€OIOTHUSCKUMHI M TEXHUKO-9KOHOMUYECKUMHE pacuyeramu [42].

Tun npuMeHseMoro JIpeHa)xa - TOPU30HTAIbHBINA, BEPTUKAJIBHBIN MM KOMOWHUPOBAHHBIH -
3aBHCHUT TJIaBHBIM 00pa3oM OT JIMTOJIOTUYECKOTO CTPOCHUS JPEHUPYEMBIX TPYHTOB, a Ha
3aCTPOEHHBIX IUIOMIAASIX W OT CTENEeHW IUIOTHOCTH M XapakTepa 3acTpouku. llpenmourenue
BCerjza cleAyeT OTAaBaThb TOPU3OHTAIBHOMY JpeHaky Kak HauOosee yAOOHOMYy U
SKOHOMUYHOMY IIPH SKCIUTyaTalluH.

5.2. T'uaporeoyiori4ecKue pacueThl BKJIIOYAIOT B ce0s OmpenesieHne IPUTOKA BOJIBI,
MOJIOKECHUSI CHIDKEHHBIX YpPOBHEH, BpPEMEHHM JOCTHXKEHHS TpeOyemblX TMOHIKEHUH Ha
JIPEHUPYEMOIl TEpPUTOPUH, B TOM YHUCIIE B CAMHX JApPEHAaX, a MHOTJIa MEKIPEHHBIX PACCTOSHUIA.
Bo MHoOrmx cnyudasx MEXIPEHHBIE PACCTOSHUS BBIOMPAIOTCS HUCXOAS U3 TEXHUYECKUX
BO3MOXXHOCTEH MpOKIAaAKU JpeH, TOTJAa BO3HMKAeT 3a/Jada O BEJIMYMHE HEOO0XOAMMOro
MOHIDKEHUS B HUX, T.€. 3arNIyOJICHUS JIpEH.

J1J1s TOATOIJIEHHBIX TEPPUTOPUI HanboJIee XapakTepHO JABYXCIONHOE CTPOEHUE BOIOHOCHBIX
IUIaCTOB, HWXHMUA CJIOW KOTOpBIX oOOnagaer OoNblIeld NPOHUIIAEMOCTBIO, YeM BEpPXHUIL.
CBo0Oo1Hasl TTOBEPXHOCTh T'PYHTOBBIX BOJ OOBIYHO pacrojiaraercsi B Mpenesax BEPXHEro Cios,
MOIIIHOCTh KOTOPOTO, KaK MPaBHIIO, J0ocTaTouHO Benuka (10 10 - 15 M u Gonee). B oTaenpHbIX
CIIy4astX MOTYT OBIThb BbIAEJCHBI U IUIACTHl C HAMOPHBIM IMUTAHHEM, OJHAKO TaKUE CXEMBbI HE
TUMHWYHBI U B MPAKTUKE JIPEHUPOBAHUS CPABHUTEIBHO PEAKO MPEACTaBIAIOT MPAKTUUYECKHUI
UHTEpEC.

B npakTuke npoeKkTUpoBaHUsL U CTPOUTETHCTBA MPUXOAUTCS UMETh JEJI0 C COBEPUICHHBIMU U
HECOBEpIICHHBIMU JIpeHakamu. Kak mnpaBuio, ApeHaku BEPTUKAIBHOIO THIA SIBJISIOTCS
COBEPILICHHBIMH, CpPEIH TOPH3OHTAIBHBIX JpEeHaXed TmpeoliagaloT  HECOBEPILICHHEBIE.
CoBepllieHHbIE TOPU3OHTAIBHBIE APEHAXKU YCTPAUBAIOTCS B OJHOCIOBHBIX WJIM ONM3KUX K HUM
BOJIOHOCHBIX IJIACTAaX MaJjlO MOITHOCTH MPH 3aJ€TaHuU BOJOYIOpa Ha riryoune He 6osnee 8 - 10
M. B oHOCOWHBIX muiacTax OONBIION MOIIMHOCTH, a TaKKe€ B JBYXCIOWHBIX IIacTax APEHAX
SBIISICTCS HECOBEpIICHHBIM. B mocneaHeM ciydae JpeHa mepepe3aeT BepXHUHM (0OBIYHO
C1abOTIPOHUITAEMBI) CIOM W BCKPHIBA€T HIDKHUW. JIMIIb B TeX clydasx, KOT/a IOJOIIBA
HIDKHETO CJIOS ABYXCJIOWHOTO IJIacTa 3ajieraeT Ha riryoune He 6onee § - 10 M, ropu30HTaIbHBIH
JPEHaX MOXET ObITh COBEPILIEHHBIM.

5.3. Ilpu THUOPOTEONOTHYECKHX pacyeTax APEHAKHBIX CHCTEM YYUTHIBAIOTCS CTPOCHUE
BOJIOHOCHBIX TOPU30HTOB M XapaKTep MX TIPaHULl, YCIOBUS €CTECTBEHHOTO M TEXHOTE€HHOTO
(IOTIOMTHUTENFHOTO) THUTAHUS W JIPCHUPOBAHMS TMOJ3EMHBIX BOJA, a TaKXe CTENeHb
TUAPOIMHAMUYECKOTO  HECOBEPIICHCTBA JAPEHAXHBIX coopyxkeHuil. Ocoboe BHHMMaHUE
HEOOXOUMO YyIENSTh AOIMOJHUTEIHPHOMY HWH(OUIBTPAMOHHOMY MHUTAHHIO TPYHTOBBIX BOJI.
HMHTEHCUBHOCTB 3TOTO MUTAHUS (@ JOCTATOYHO BEJIMKA U HA OT/IEJbHBIX YYaCTKax JOCTUTaeT 10
M/CYT, B cpemHeM jxe KomeGmercs B mpegenax 5 - 10° - 5 - 10 wm/cyr, cymecrBenHo
YBEJIMYUBAsACH B TMEPHOJ BECEHHEro CHErotasHus. PacueTHble 3Ha4YeHHsS] BEJIIUMYMHBI
JOTIOTHUTEIFHONU NH(UIBTPAIIUU TIPUBEICHBI B Pa3/l. 2.

5.4. Topu3OHTANBHBIN JpeHaX B MOJABISAIONIEM OOJBIIMHCTBE CIIYY4aeB  SBISICTCS
CaMOTEYHbIM, B JPEHAaX B IMPOIECCE UX SKCILUTyaTalluu MOJACP>KUBACTCS MOCTOSIHHBIA YpOBEHb
BOJBI, IIO3TOMY pacyeTHbIE 3aBUCUMOCTU JIOJDKHBI  yJOBJIETBOPSITH OSTOMY  YCIIOBHIO.
BepTukanpHblli JpeHaXX MOXKET padoTaTh KaKk B PEKUME IOCTOSHHOTO YpPOBHS BOJIBI B
CKBOXMHAX, TaK W TMpPH IOCTOSHHOM TNpuUTOHE. PexxuM paboThl CKBaXXUH OMperensercs
MPOHUIIAEMOCTBIO TPYHTOB. B XOpOIIONpOHUIIaEMBIX IIACTaX BOJOMOHU3UTEIbHbBIE CKBAKHHBI
yaiie BCero B HayaJlbHbIE MPOMEKYTKU BpeMEHU padoTaloT IpU peXHMe MOCTOSIHHOTO MPUTOKA,
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OTIpeNeNIsIeMOro MPOU3BOJUTEIHHOCTHIO HACOCHOTO o0OopynoBaHus. B crmaGompoHuaeMbIx
TPyHTax U MpU CAMOU3JIMBE CKBaKMHBI pabOTaIOT B PEKUME MOCTOSIHHOTO YPOBHS BOJIBI.

THJAPOTEOJOTMYECKHUE PACUETHI TOPU30HTAJIBHBIX IPEHAKEN

5.5. TopusoHTaNbHBIE [JPEHAXXH IO PACHOJOKEHHIO B IUIAHE TMOAPA3JEIAIOTCS Ha
CUCTEMATUUYECKUE, OJHOJIMHENHBIE, ABYXJIMHEWHbIE, KOHTYpHBIE (KOabLeBbIe). [Ipu coopyxenun
JpEeHa)ka Ha 3aCTPOCHHBIX TEPPUTOPUAX JpPEHbl OyAyT pacrosaratbes BOJU3M 3aHUH,
COOpY)KEHHH U KoMMyHUKaruil. [loaTromy st o0ecriedyeHus yCTOWYMBOCTH, OCHOBAaHUU Mpu
IPOXOJIKE JPEHAKHBIX TPAHIIECH U KOJICOAHUAX YPOBHEW I'PYHTOBBIX BOJ APEHBI JOJIKHBI OBITH
IPOJIO’KEHBI OT CTeH ((yHIAMEHTOB) Ha PACCTOSIHUHU, MPEBBIIIAIONIEM MUHUMAIBHOE Lmin (pHC.
63), onpeaensiemoe mo Gopmyite [1]:

Loin = I + 1,/2 + Ah/tg j, (55)

rae ly - ymupenne dynnamenta, |, - mmpuHa apeHakHO# TpaHuiew, [/- yron BHYTpEHHEro
TPEHMSI OCYLIAEMOTO IPYHTA.

Al .

e L]

el ) *
‘2

T‘-'

e ;-‘l-

Puc. 63. Cxema Kk ompeneneHHI0 0e30aCHOT0 PACCTOSIHUS OT 3AIMIIAEMOI0 COOPYKEHHS
10 IpeHaxka

Puc. 64. Cxema coBepIIEHHOT0 CHCTEMATHYECKOI0 IPEeHAKA

1 - JgpeHbI CHCTEMATHYECKOTO ApeHa)ka: 2 - eCTeCTBEHHbBIH ypOBEHb I'PYHTOBBIX BOJ; 3 - CHHIXKCHHBIH ypOBEHb
TPYHTOBBIX BOJI IIpH paboTe ApeHaxa

CucremaTndyeckuii rOpu30HTATBHBIN IPeHAX

5.6. CoBeplICHHBIM CHCTEMAaTUYECKHH JPEHAX YCTPauMBaeTCs B OJHOCIOWHBIX ILTACTax
CPaBHHUTEIHLHO MAaJIOW MOIIHOCTH, THIPOJMHAMHYECKAs CXeMa ero MpeJCTaBieHa Ha puc. 64.
[Tpu pacueTax CHUCTEMAaTHYECKOTO ApEeHa)ka HauOOJBUIMI HMHTEpEC MPEICTABIAIOT MpereabHOoe
MOJIOXKCHUE CHIDKCHHBIX YPOBHEH B MEXKApeHbe Ny, BpeMs JOCTHIKEHUS 3TUX TOHWKCHUH, a
TaK)Ke TPUTOKK BOjAbI B japeHax. Ompenenenue h, B 0o0meM ciydae aHH30TPOMHOIO IO
(GWIBTPAIMOHHBIM CBOWCTBaM BogioHOCHOTO Topu3oHTa (Ky # h;) mpoussoautcs mo popmyie:
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h b h
By =hy + (3, —;gm)an[—ﬂ,rx]+m—ﬁ 51[4]—52[—fjx] |
¥ e LY 4 (56)

3necs % = he IL; 7 = k (nL); 6o (L [J u 01 (@) - cieumnasnbhbie GYHKIUH, TPAPUKHA KOTOPHIX
IpeJICTaBJICHBI Ha pUC. 65 - 66;

Hemr (_ 1:|:u+1
0, (a, ) = 25T Ex th By exp (b by th £By): by = (20 - 1) T2,

Jns pacuera pyukiuu 6, (o, ) B npuin. 10 npuBeacHa nmporpamma cueTa, COCTaBICHHAS IS
HACTOJIbHBIX MUKPOKAJIbKYJISITOPOB TUIA «nekTpoHuka» b-34, MK-54, MK-56.

B ciyuae nzorponssix rpyHTOB (K¢ = K;) B hopmyiie (56) cnenyer cuutats y= 1 u Kyp = k.

B mractax cpaBHUTENBbHOUW Mayioi MomHocTH (T.e. mpu h. < 1) dopmymna mis pacyera hy
YIPOIIAETCS U MPUHUMAET BUJI

2
“L -8,04)]

hu ='£3?JP+|:'£3£ _"ggap:'%'ifu:""zk% (57)

e fo = khet/ (NL?), ocranbHble 0603HAYCHNUS IPEXKHHE.

I'paduxu pyuxuit & (fo) u 6, (fo) mpusenens! Ha puc. 67 u 68.
[Iputox BOABI B KOXKIYI0 U3 JPEH HA €AMHUILY €€ JUIMHBI paccUuThiBaeTcs mo ¢opmysie [37,

42]

ki, }.zup
g = dich, 7 & (fy) 2@l -25( )]

(58)
3nauenus pynkuuii & (fo) u F1 (fo) npuBenens Ha puc. 69 u 11.
i BatRe.r)
eSS
1 = 001
osh NN AN
) \ \ N, | 0,025 |
~ NG
i ‘\\ N0.05 \ 1 k‘_..
\\ ‘\\ \q" 0,076 B \ N
AN AN N N A
\ \p.25 ;\ \ \ AN
:\E“""i\.\t NN ™
0 . \t\hw— i _
e 1 2 4 B 8 W a0 40 80 007

Puc. 65. I'paduk pyHkumnu

- 4 Emm -1y on -1 2n -1
ik T=— E - T th 7,
b (%) H%En—l Xp[ ]
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Puc. 66. I'pad¢ux pynkuun
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Puc. 67. I'pad¢ux pynkuun

1:'é+1 ) ; _12
%(JT;)-—Z( e ey
';‘fp‘
1
‘!\
05
)

0 08 1 1.8 Ta

Puc. 68. I'pad¢ux pynkuun

*-Zm( 1}"*1 _nﬂ(zm—lj.?

a
s (o) = 2 p

Ja

N3 dopmynsl (58) mpu t — oo momydaeTcss 3aBUCUMOCTD JJISI ONPEACIICHUS MPUTOKA BOJIBI B
OJTHOCJIOMHOM IIaCTe MIPU YCTAaHOBUBIIEMCS ABIKEHUH ( = 2al.

AHaTH3 NPHUBEICHHBIX (GOPMyI OKa3BIBaeT, uto, HaumHas ¢ fo > 1 (t > nL%/kh,), mpomecc
(GWIBTPAUHU K CHCTEMAaTHIECKOMY JPEHAXKY MPHOOPETAET CTAIMOHAPHBIN XapaKTep.
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#; ite}
%
1
3
:'—L
|
, 1

Puc. 69. I'padpux pynkuun

& () = Z EEp

#=l

M _qn 2
[_ (20 - 132 P

Puc. 70. Cxema HeCOBEPIIEHHOI0 CUCTEMATHYECKOI0 IPeHaKa

a - B OJHOCJIOBHOM IIIIACTEC; 6 - B HByXCHOﬁHOM IUIaCTC IPU PaCHOJIOKCHUNW IPCH B BEPXHEM CJIOC; 6 - B
Z[ByXCHOfIHOM IJ1aCTE P BCKPBITUH ,Z[peHOﬁ HYDKHETO CJIOS, HO YPOBEHB BOABI B IPEHE HAXOAUTCA B BEPXHEM CII0€

5.7. TunpomuHaMUYecKWe CXEMbl HECOBEPIIEHHOTO CHUCTEMAaTHYECKOTO JIpeHaka B
OJIHOCJIOBHOM U JBYXCIIOMHOM Tutactax mpuBeneHsl Ha puc. /0. [Ipu paGote HECOBEPIIEHHOTO
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CHUCTEeMAaTHYECKOTO JIpeHaka B OJIHOCIONWHOM BogoHOCHOM Iutacte (puc. 70, a) moctpoeHue
CHIDKEHHOM TTOBEPXHOCTH TPYHTOBBIX BOJ W ONpEACTICHHE NMPUTOKA B KaXKIYH W3 JpeH Ha
eMHMILY €€ JUTHHBI BBIOIHSIIOTCS 10 (hopMyJiaM:

2

ol
b=k, =~ (h, = b 80X, fy, Bi) + ——
& I:e )ﬁ(xfn :I .5.','.32

[

1 _ 7 _ .
X[E+x—?—5‘?(x,j],ﬁz] ;

(59)
1 = 2, = g1~ 8,00, £, )] +
a1 .
+k_ﬂz¢ = gf(U,meE)] - 0

NormaCS® (NRMS10-04869) WWw.normacs.ru 20.05.2010 13:11



Tloco6ue k CHull 2.06.15-85 IIporuo3s! MOATOIUICHUS U pacdyeT JPSHAXKHBIX CHCTEM Ha 3aCTPanBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPHUAX
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Puc. 71. I'paduk pyHkumnu

_ . e (- TN BB+
& (%, fy. Bi) =1-2Bi > —
#=l .'{"{x(.'{"{x-'-gz +Bz:|

cos 4, (1= F) exp (— 44 1)

a-npnf :0;6-np1/137: =1
3nech

Mo

G,(%. 1y, Bi) =1- 2> Aos i, (1= &) exp (~pafo):

H=l
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M -re

8, (%, 1, Bi) = EZiﬁ cos (1= ) exp (—£4.7, ),

nal Ly,
__x afb L 1
I=—h =g fis—=—;
I L 20, ¢

L - KOPHH ypaBHEHMs L, = Bi ctg L4,

3uaueHus sy u A, B 3aBucuMocTH OT Bi npusenens! B npun. 1 u 2, rpaduxu Gpynximu g (X,
fo, Bi) mnst Touex X = 0 (koHTyp apeHsl) U & = | (Mexapense) Ha puc. 71 (mns Bi > 0,1) ana
pacuera 07 (X, fo, Bi) npu mo6bIX BelMuMHAX apryMEHTOB JOCTATOYHO JBYX-TPEX YJIEHOB PsJa.
IMpu Bi < 0,1 cripaBeIMBO COOTHOIIICHHE

0s (%, fo, Bi) = 1-cos ¥Bi (1- %) exp (- Bify).

C uenpio oOnerueHus: pacyetoB (QyHKUMH € cocTaBiIeHa HporpamMma s HaCTOJIbHBIX
MUKPOKAJIBKYIATOPOB TN «iekTpoHuka» b-34, MK-54, MK-56, koTopas npuBezieHa B IIPUIL.
11.

N3 popmyin (59) - (60) mpu t — oo (mpakTruecku npu fy > 2) nmosaydaroTcs 3aBUCUMOCTH JIJIs
pacueTa HECOBEPIIEHHOIO CHCTEMAaTHYECKOrO JpEHaka IIpH YCTAHOBUBIIEMCS pEKUME
¢uIbTpanum:

2 =1
=y +£[L+f—x_];
k| B 2] q=20L. (61)
BbruuciieHye OMONHUATENFHOTO (PHIBTPAIIMOHHOTO CONMPOTUBICHUST Dy, HEOOXOAUMOTO IS
pacuera nmapametpa Bi, mpousBoaurcs mo hopmysie
®, =hd";. (62)

3HaueHUS AOIIOJITHUTECIBHOI'O COIMPOTHUBIICHUSA |j1 IMPUBCACHBI HUXKC

m/h, 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 0,95

-

0, 0,025 | 0,055 | 0,092 | 0,135 | 0,186 | 0,258 | 0,345 | 0,463 [ 0,695 0,95 [

Onpenencane O, MOKET MPOU3BOAUTLCS Takke u 1Mo popmyie C. H. Hymeposa [5]

2k ho—
d, =- “]115111—;?-{[ﬂ m:l
T 2h, (63)
Taonuma 27
(he-m) / (h. - M)
(he - 0,2 0,4 0,6 0,8
M) Ih, h./L he/L h./L he/L

0,051 01]03f05/(005]01]03]05]005[01]03]05]005]01]|03]0,5

0,2 10,828|0,821(0,788|0,754|0,868]0,863(0,834(0,804(0,909|0,905|0,883|0,859(0,949(0,947]|0,934] 0,92
0,4 10,668(0,659(0,618/0,577|0,748| 0,74 |0,701(0,661(0,828)|0,821|0,788(0,754(0,9090,905|0,883]0,859
1{ 06 |0,51]0,501|0,463|0,425(0,629(0,619|0,5780,537(0,748| 0,74 10,701)0,661|0,868(0,863|0,834|0,804
0,8 [0,352(0,345]0,316/0,287| 0,51 (0,501(0,463]0,425(0,668(0,659|0,618]0,577|0,828(0,821|0,788|0,754
1 ]0,196/0,191{0,174|0,157]0,392]0,384|0,352| 0,32 |0,589| 0,58 |0,539(0,499|0,788] 0,78 |0,744|0,706

0,2 |[0,95(0,944]0,915|0,884| 0,96 [0,955(0,929]0,902| 0,97 (0,966(0,946]0,924| 0,98 (0,978(0,966|0,952
0,4 (0,891(0,879]0,826/0,772|0,915(0,904(0,8560,806(0,939(0,931(0,891]| 0,85 |0,964(0,959(0,934(0,907
5] 06 |0,798]|0,782(0,715(0,648|0,844]0,829|0,766(0,702|0,892]0,879|0,825| 0,77 | 0,94 ]0,933]0,895|0,858
0,8 10,628(0,613(0,549/0,486|0,716|0,701(0,636(0,571(0,806/0,892|0,733(0,673(0,897(0,888/0,845]0,801
1 0,196]0,191]0,174]0,157|0,392|0,384|0,352| 0,32 |0,589| 0,58 [0,539]0,499|0,788]| 0,78 |0,744(0,706

0,2 10,968(0,963(0,935|0,905|0,974|0,969(0,944(0,917(0,979|0,976]0,956(0,934 (0,984 (0,982|0,971|0,957

10 0,4 10,934(0,922(0,867]|0,811)0,947|0,936|0,886(0,835|0,961)0,952]0,911(0,867(0,975| 0,97 |0,944]0,916
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(h. - m) / (b, - M)

(h; - 0,2 0,4 0,6 0,8

M) Ih, he/L ho/L he/L he/L

0,051 01]03f05/(005]01]03]05]005(01]03]05]005]01]|03]0,5

0,6 10,876{0,858(0,783|0,707|0,903|0,885(0,816(0,745(0,931)|0,917|0,858(0,799( 0,96 (0,951]|0,913]0,873
0,8 |0,751{0,731]} 0,65 |0,569/0,808(0,789(0,711)0,632(0,867(0,851(0,782|0,713|0,927(0,917( 0,87 {0,821
1 ]0,196/0,191{0,174|0,157]0,392)0,384|0,352| 0,32 |0,589| 0,58 |0,539(0,499|0,788] 0,78 |0,744|0,706

0,2 10,978(0,9730,946]0,916(0,981)|0,977{0,952(0,925|0,984] 0,98 {0,961|0,939|0,987(0,985|0,973| 0,96
0,4 10,958(0,945(0,889|0,833(0,965|0,954|0,903(0,851(0,973]0,964(0,922|0,879]0,981|0,976( 0,95 | 0,922
20| 0,6 (0,923|0,904]0,823(0,743]|0,938(0,921|0,847|0,772|0,954 0,94 |0,879(0,816(0,971]0,963|0,923|0,881
0,8 10,842(0,819(0,724] 0,63 |0,877|0,855|0,766(0,676(0,913]0,895(0,819|0,742| 0,95 |0,939(0,888]0,835
1 ]0,195(0,191)0,174{0,157(0,392]0,384(0,352( 0,32 |0,589| 0,58 [0,539]0,499{0,788( 0,78 |0,744{0,706

0,2 10,984(0,979(0,952|0,923|0,985|0,981(0,957(0,931(0,987)0,983]0,964(0,943(0,988(0,986|0,975]| 0,962
0,4 10,973 0,96 {0,903/0,846)0,976|0,965(0,913(0,861| 0,98 |0,971]0,929(0,886(0,985( 0,93 |0,953]0,925
50| 0,6 [0,955/0,935]0,851|0,766(0,962|0,944|0,867| 0,79 | 0,97 [0,955(0,892|0,828|0,979]0,971| 0,93 (0,887
0,8 10,914(0,888(0,781|0,675| 0,93 |0,906(0,808( 0,71 [0,948)0,929|0,847(0,764(0,968(0,956|0,902|0,846
1 0,196]0,191]0,174]0,157|0,392|0,384|0,352]| 0,32 |0,589| 0,58 [0,539]0,499|0,788]| 0,78 |0,744(0,706

0,2 10,986(0,9810,954]0,925(0,987|0,983|0,959(0,932(0,988]0,984(0,965|0,944]0,989|0,987(0,976] 0,962
0,4 10,978(0,965(0,908]0,851| 0,98 |0,969|0,9170,865(0,983]0,974(0,932|0,888]0,986|0,981(0,955] 0,926
100 0,6 ]0,966(0,945] 0,98 |0,775( 0,97 |0,952(0,874(0,796/|0,976|0,961(0,897)0,832|0,982(0,973|0,932(0,889
0,8 10,941(0,914/0,803]0,693(0,951|0,926|0,824(0,723(0,962]0,942(0,857|0,773]0,975|0,962(0,907] 0,851
1 ]0,196(0,191)0,174{0,157{0,392]0,384(0,352( 0,32 |0,589| 0,58 |0,539]0,499(0,788( 0,78 |0,744{0,706

Hpumeuanune. pu(h,-m)/h,-M=1 =1,

Crnemyer oTMETUTh, 4TO 3Ta GopMyia maet 3aBbimieHHOe 3HadeHne @, Tem He MeHee, pu
MacCOBBIX pacyeTax, 0COOCHHO oIpeaeNeHuH o01acTell BOZMOKHOTO 3aJI0KEHUS TpeHa)Kel, oHa
OKa3bIBa€TCs MPENOUYTHTEIILHEN U MMOATOMY IITUPOKO UCTIOIB3YETCHI.

5.8. Ilpu pacuere HECOBEPIIEHHOTO CHUCTEMAaTHUYECKOrO JpeHaxa B JABYXCIOHHBIX
BOJIOHOCHBIX TutacTax (puc. 70, 6, ) paznuyarotcs fBa ciay4das - Ky < Ky 1 ky > k.

B nepBoM citydae npu pacuerax ApeHaka ABYXCIOWHBIN MIACT MPUBOJUTCS K OJTHOCIOHHOMY
C IIPUBEACHHON MOLTHOCTBIO h"., BBIHCIIEMOIT [0 COOTHOILICHHUIO

h'.=h, + (c-1) M. (64)

B nanbHeitmem ucnons3yrores popmyssl (59) - (61) anst 0XHOCIONHBIX IIaCTOB.

Bo Bropom ciyuae (K; > Ki) ApeHBI MOryT Kak 3ariyOisaTbcs B HIDKHHE CIIOH, Tak H
ocTtaBaThcs B BepxHeMm cioe. [lepBasi cxema sBisieTcss Ooyiee MPEANOYTHTENHHOM, TaK Kak
NPUBOAUT K OoJblieMy ApeHupyromniemMy 3¢dekTy, OJHAKO OHa HE BCEraa OKa3bIBACTCS
TEXHUYECKH OCyIecTBUMOM. [1oaToMy Ha MpakTHUKe paBHOBEPOSATHHI 00€ CXEMBI 3ariTyOJieHuUs
JIpeH.

[lpu pacnonoxeHuu OpeH B mpenenax BepxHero ciosi (puc. 70, 6) THAPOTEOIOTHUSCKUI
pacyeT CHCTEMAaTHYECKOro ApeHaXka Mpou3BoAuTcs o popmyiaam (59) - (64), B KOTOPHIX BMECTO
ko3dunuenta ¢unprpanuu K mpencraBnsercss Kij, a JOMOJHHUTENBHOE CONPOTUBIICHHUE HA
HECOBEpILICHCTBO apeH @y, onpenensercs no Gpopmyne

®, = 0,25L (M - he() / (he - m). (65)

3HaveHus {2 U1 pa3InYHbIX apryMEHTOB PUBEACHBI B Ta0M. 27.
[Ipyn BCKpBITHHM JPEHOW HUXKHETrO CJIosi JByXcioiHoro miacta (puc. 70, ) moctpoeHHe
CHIDKEHHOM IMMOBEPXHOCTH TPYHTOBBIX BOJ M OINpENEICHUE MPUTOKA BOJABI HAa €IWHUILY JUIMHBI

KaKJI0M M3 JPEH MPOU3BOATCA 10 (opMyIam:
L, @tk M - :
fo=t, =, — R VB (R, Sy, B+ %[1 —8,(%, fip. 51, 8]+

1
o |1 X2
+

_ x _ -
7] R Al

(66)
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=M{Gﬂf_’Egup:'[l_gﬁ':'::':fuzﬂi)]"'
2
o 1B, B A
(67)
3nech

< _ﬂjfn
& 02 ;-“1& 1+ﬁﬁé

H-m 2
~ Ha Jy

(%, S B, By =2% ZLcos pr, (1-Thexp | —225 |,
N ;.ﬂ 1+ 8l
‘:'M'[;? B :' x el L
= k= e Bl —
£ I AR 20,

[Ipu Beruucnennu QyHkud G5 - Gy Tpu JIOOBIX 3HAYCHHUSIX aApPTyYMEHTOB JIOCTATOYHO
OTPAaHMYMTHCS JABYMS-TpEMs WICHaMHU psla, JHIIb NPH OveHb Oonbimux Bi (6oxee 100)
HEo0X0auMoO OpaTh 10 MATHU-IIECTH WICHOB psifa. 3HAUE€HUE JOMOJHUTEIBHOIO COINPOTUBICHUS
@, paccunteBaeTcst mo (popmyie (69), mpuuem mpu onpexenernd ® 1 mo Tabm. 29 BMecTo
aprymenTa m/h; ucrons3yercst otHotenre M/M.

C uenbto obneryenus pacyeroB GyHKUui € u 6y B mpui. 12 u 13 mpuBeaeHbl MporpaMmbl
pacueToB 3TUX QYHKIIUI Ha MUKPOKAIbKYIATOpax Tuna «nekrponuka» b-34, MK-54, MK-56.

OnHoJIMHeHHbIE U IBYXJIMHEHble TOPU30HTAJIbHBIE IPEHAXKU

5.9. Ilpu mocTymIeHUH CBEPXY HHQPHIBTPAIMOHHOTO MUTAHUS (WIBTPALUS K OTHO- H
JIBYXJIMHCHHBIM JPCHaXKaM I10 HMCTCUYECHUH HEKOTOPOro JOCTATOYHO MAJIOr0 IPOMEKYTKA
BPEMEHU MPHOOpETAET CTAIllMOHAPHBIA XapakTep, a APCHUPYIOUIHH dPPEKT pacrpocTpaHsIeTcs
Ha HEKOTOpoe paccrosiHue |5 HaspiBaeMOe MadbHOCTBIO JEHCTBHS ApeHaka. JlalbHOCTH
NCWCTBHUS pEHa)ka 3aBUCUT OT MHTCHCUBHOCTHU MUTAHUS W, QUIBTPAI[HOHHBIX CBOHCTB MOPO U
BCJIMYMHBI  TOHM)KEHHMS B JpeHax. HecranmonapHas  ¢asza  QuibTpalud  HMEET
TPOIOIKHTEBHOCTD He Goiee t = ul,2/ (2khe). TIpy HaTHYHE KOHTYPOB MATAHMS HA PACCTOSHHIH
L oT apeHs! A1 BpeMEHH CTaOMIIM3aIiHI TTOTyqaeTCs OI[CHKA nL?%/ (2khe).

5.10. T'mppoauHamMUYecKasi cXxeMa COBEPIICHHOTO OHOJIMHEHHOTO PeHaXKa B OJTHOCIONHOM
BOJIOHOCHOM IUTacTe IMpEJCTaBJIeHa Ha puC. /2, a. B o0mem ciiydae aHHM30TPOITHOTO IO
(GWIBTPAIMOHHBIM CBOWCTBAM BOJOHOCHOTO IJIaCTa B YCJIOBHUSIX YCTAHOBHBIICHCS (DUIbTpAIMN
IpH TOCTYIUICHUH CBEPXY JOIMOJHHUTEIBLHOTO HWHOUIBTPAIMOHHOTO THTAHUS IOCTPOCHHE
JICTIPECCUOHHON TMOBEPXHOCTH W MOJHOIO IPHUTOKA BOJAbI B JAPCHAK HA CAMHHUILY JTHHBI
MIPOU3BOIUTCS 110 3aBUCUMOCTSIM:

A Y.

ey, vy
" (68)

g = 2a¥
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%

TEPPUTOPHIX

Puc. 72. PacueTHble cXeMbl OJJHOJTMHENHOI0 IPeHaKa

a - COBEPIIEHHBIN ApEeHaX B OJHOCIOWHOM IUIACTE; 6 - HECOBEPIIEHHBIN APEHAX B IBYXCIOHHOM IUTIaCTe

3nech

o2n—1 _

= 5 s sitl ; nx
X [ — .
ol 2| -1
VoV ] »2s-1%h T,

.
IEIF IEIF

|, - MTAIBHOCTD JACUCTBUS IPEHAXKA, pacCUMThIBaeMas Mo popmyie

I, = g Uil -2 . (69)

Jns pacyera ynkumu Gy (@, ) A0CTaTOYHO OTPaHUYUTHCS IBYMSA-TPEMS WICHAMH PsJa.
B umsorponnsix rpyntax B (opmyne (68) ciaenyer mpunumars [ /= 1. IIpu OTHOCHTEIBHO
MaJIol MOIIHOCTH IuIacTa, T.e. mpu he < 0,1, popmyna (68) ynpomaercs 1o Buaa

@ x(1- )
ek (70)

5.11. PacyeTHas cxemMa COBEPIIICHHOTO ABYXJMHEWHOTO JpeHa)ka MpuBeieHa Ha puc. /3, a, O.
W3 sToro pucyHka BHIHO, 4TO 00JacTh (PUIBTPALMU AETUTCS Ha JIBE HE3aBUCHMBbIE IPYT OT
npyra obnactu - BHyTpeHHo (1) u BaemHior0 (II). Pacder mono)keHus: CHH)KEHHOTO YPOBHS Ha
Mexapenbe (mpu * = 0) npomssoautcs 1o dopmynam (56) - (57) ¢ 3amenoii B Hux L ma b,
JICTIPECCUOHHAS TIOBEPXHOCTh TPYHTOBBIX BOA B 30HE Il paccumrthiBaercs mo ¢opmynam (68) -
(70), monHBIA MPUTOK BOJBI B KKAYIO M3 APCH HA CAMHUILY JJIMHBI BBIYUCISACTCS KaK CyMMa
BHEIITHETO ¥ BHYTPEHHETO TIPUTOKOB, T.€.

h=h,—h, kg W1-X)+

g=w(+1,).
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T X 7 e

RN A R NN

AR ) T
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Puc. 73. PacueTHble cXeMbl IBYXJMNHEHHOT0 IPpeHAkKa
a - COBEpIIEHHBIN IPeHAX B OJTHOCIONHOM IIIacTe; 6 - HECOBEPIICHHBIN APEHAXK B JIBYXCIOWHOM ILIACTE

5.12. PacyerHas ruapoJMHAMHYecKas cxemMa OeperoBoro OJHOJMHEHHOTrO JpeHaxa
n3o0pakeHa Ha puc. /4, a, 6. [ns rugporeosornueckux pacueroB B obeux 3o0Hax (I u II)
ucnonb3yrores hopmyisl (68) - (70), ogHako mpu pacueTe ACMPECCUOHHOM MOBEPXHOCTH B 30HE
I B 3Tt popmyasl BMecTo |, mozcTaBnsiercss paccrosiaue L oT apeHsl 10 ypesa BOIbI B BOJOEME
WM BOJOTOKE.

5.13. PacueTHas cxema OeperoBoro ABYXJIMHEWHOTO JpEHa)ka Mpe/CTaBIeHa Ha puc. 75, a, 0.
B stoMm cnydae B oOnactu puuibTpaniuu BBIIEISIOTCS TpHU camocTosiTeabHbie 30HBI - 1, I u 111
Jiist onipenienieHusl TIOJOKEHUSI CHUKEHHBIX YPOBHEHW TPYHTOBBIX BOJ M TIPUTOKA BOJBI B IPCHAXK
HCIIOJIb3YIOTCS CJIETYIOIINE 3aBUCUMOCTH:

B 30He | - popmynsr (68) - (70) ¢ 3ameHO#l B HMX HaJbHOCTH ACHCTBUs IpeHaxa |, Ha
paccrosiuuu L oT 6eperoBoii IpeHsbI 10 BOJIOEMA HITH BOJIOTOKA;

B 30He II - popmyist (56) - (57) mist cHCTEMaTHYECKOTO APEHAXa, OJHAKO B 3THX (hopmMyiiax
BMecTo L mojcrasnsercs b;

B 30He III - hopmyst (68) - (70) st OAHONMMHEHHOTO APEHAXKA.

5.14. HecoBepiieHHbIE OJIHO- U ABYXJIMHEWHbIE JpeHaxu. CXeMbl 3TUX JpeHaxed B o0iieM
clydae JBYXCJIOMHOTO BOJAOHOCHOIO IUIACTAa, KOTJa JAPEHAMHU BCKPBIT TOJBKO BEPXHHU CIIOH,
MpEeJCTaBICHBl Ha puUc. 72, 6, puc. 73, 6, puc. 74, 6, puc. 75, 6. [Ipu M = 0 u3 3TUX CXEM
MOJy4YaeTcss Ciaydail OJIHOCIOMHOro r1uiacta. PacueTHble 3aBUCUMOCTH JJI1 TMOCTPOCHHUS
JENPECCUOHHON TTOBEPXHOCTH TPYHTOBBIX BOJ, JAIILHOCTH JEHCTBUS IpEHAXKEH M OMpeeIeHUs
MPUTOKA BOJABI IPU 3AJI0KEHUU YKa3aHHBIX JpeHakel B OJHOCIOWHBIX BOJOHOCHBIX IJIACTax
KOHEYHOW MOITHOCTH NpHBeneHb! B Taba. 28. It xe GopMyabsl MOTYT OBITh MCIIOJIB30BaHbI B
JIBYXCJIOMHBIX TIaCTaX, OJHAKO B 3TOM Cllydae B HHUX KOA(pQHUIHUCHT PuiabTpanuu K ciemyer
3aMeHUTh Ha Ki, a momosiHuTeNnbHbIe (QUIBTPAIIMOHHBIC COMPOTHRICHUST Dy B 3aBUCUMOCTH OT
3arnyOJIeHUs IPSH B BEPXHUI CJI0M BOJOHOCHOTO IIIacTa OMpeaessaTh mo Gpopmyite (65).

TabGnuma 28
Ne Ne
. Tun gpenaxa Pacuernas popmyna dopMyITEI
1 [Cm.puc.72,6 (71)

h>=h-w (I, - X)%k; q =20l 5
L= k(=i @+ D, — By

W oant— el 1ok, DSx2h; -
W =W —a(h+l, - %) Sk b Ex 21+ b
g=a(b+); 1, = Ji(hl kL) @ +@L-2bd -~ B,

2 |Cwm. puc. 73,6
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Ne Tun npenaxa Pacuernas popmyna Ne
ILIL. (dhopmyIbl
(72)

3 |Cwm. puc. 74, 6

Bk -aly+aik -l sxs0

Beivall - hk-all + 0 -x/ Dk 02221,
Bl
o= Nk - e —® LR+ )+ [D LHE, + L - :
o = LU = B ) @ = BLIZI(L + B )+ [BeL Ky + L] Y
g = aly, + k(g - B HL+24,)
BeperoBas npena
Bk va(l -2 k-2g(L-b)k, 0£x <k,
Bk vall -2 k-2g(l-x)ik b<x2 i,
Q=k;gj—;g;+m(f—bf)fk_
L+d_—-4&

T'osoBHas npena

4 |Cwm.puc. 75,6

Pacuer ronoBHOW JpeHBI NPOM3BOAMTCS 1O (GOpMyiIaM sl JIBYXJIUHEHHOTO

JIpeHaxa

HMpumeuanue.B popmyne (71) @, Beruucisiercs o 3asucumMocTu hopmyiisl (62) wiu (63), mpuuem h, = (h,

+hy) /2.

Puc. 74. PacueTHble cXeMbl OJJHOJIMHENHOT0 0€peroBoro ApeHama

a - COBEpIICHHBIN ApeHaX B OAHOCIOWHOM IUTACTE; 6 - HECOBEPIICHHBIN IPEHAX B JBYXCIIOHOM ILTACTe

TTIRAT)

r L
R |

[ T -
oo N,
e .

i

‘:ﬁ-- l" 1-:;
2
v /]
“'5.' 8¢ a7t
"-l:.. E 'F‘!l;j."
7 PRTATIS

Puc. 75. Pac4yeTHble cxeMbl ABYXJMHEHHOI0 0eperoBoro ApeHaxa
a - COBGpHIeHHLIﬁ JApPCHAXK B OLlHOCHOﬁHOM I1acCTE, 0 - HeCOBepIHeHHLIﬁ ApCHAXK B HBYXCHOﬁHOM II1acTe
20.05.2010 13:11
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OINPEJEJIEHUE CPEJIHEN MOIITHOCTH IJIACTA

5.15. B OGonbmMHCTBE pacyeTHBIX (POPMYJI, MPUBEICHHBIX BBIIIC, WCIIONB3YETCS CPEIHSISA
MOIIIHOCTb IIJIaCTa, OMPEACICHUE KOTOPOTo MPpou3BOAUTCs o (opmyie [37, 42]

he = hyp + [T(he - hyy).

Koaddunment a B obmeM ciaydae 3aBUCHUT OT MPOJIOJDKHUTEILHOCTH ICHCTBHS ApEHAXa,
CTPOEHHUSI BOJOHOCHOTO TOPU30HTA U YCIIOBUM Ha €r0 BHEIIHUX I'PaHULIAX. B HEOrpaHMYEHHBIX B
IUTAaHE BOJIOHOCHBIX TOPU30HTaX MO JAaHHBIM MOJEIHPOBAHUS (DUIBTpAlMM HA aHAIOTOBBIX
BBIYMCIIUTENIbHBIX MAIIMHAX YCTAHOBIIEHO, YTO I MPAKTHYECKUX PACYETOB MOYKHO IPUHUMATh:

a=0,7 mpu kt/nL < 10;
[ /= 0,2 mpu kt/nL > 10.

Hemoxue pe3ynbTaThl MOIMY4YarOTCd U IPU ONPENCICHUU CPEIHEH MOIIHOCTH IIIacTa I10
COOTHOULICHUIO

he = (0,4 - 0,5) (he + hyp).

B nByxcio#WHBIX TmacTax ¢ 0oJjiee MPOHUIAEMBIM HIDKHUM CJIOEM M 3aryIyOJICHHH APCH B
BEPXHUU CJIOH MOTYT OBITh UCTIOJIB30BAHBI ATH K€ ()OPMYIIBI.

OnucanHbBIN CIIOCOO ONpeACNICHUsI CpeTHEe MOIITHOCTH TIacTa OCTAeTCS B CUJIC M JJISL IPYTUX
THUIIOB ﬂpeHameﬁ - KOJIBLICBABIX, ITIJIACTOBBIX, BepTI/IKaJII:HI:IX nu I[p.

KoJubueBbie (KOHTYpHBIE) IPEeHAKH

5.16. KonbueBble (KOHTYypHBIC) APEHAXH OKOHTYPHBAIOT 3alIHMIIAEMYI0 TEPPUTOPHUIO II0
BCEMY €€ IepUMeTpy U peAKo HMEIT B IUlaHe Kpyrayoo ¢opmy. [lostomy mpu
TUAPOTeOJIOTHYECKUX pacyeTax OHU IPUBOJATCS WIM K JBYXJMHEHHBIM, WJIH K KPYIJIBIM C
NPUBEJEHHBIM paguycoM Fo. CrocoObl NMpHUBENEHUs] KOHTYPHBIX JpPEHaXeH K KPYIJIbIM HIH
NBYXJIMHEHHBIM BKpaTIe W3JOXKeHbl B pa3a. 2. OTMeTuM emie pas3, 4To ecld JAJUHa
IPSMOYTOJIBHOTO B IUIaHE KOHTYPHOTO JIpeHaX<a MPEBBILIAET €ro MHUpHUHY Oosee yeM B 5 pas, TO
KOHTYPHBIH JpEHaX MOXHO pacCMaTpuUBaTh KAaK [BYXJIMHEWHBIM. B OCTaJbHBIX ciydasx, a
TaKXKe IpH JPYruxX IJIAHOBBIX KOH(UIypauusx JUlsl ONpeAeseHUs IPUBEICHHOIO paanyca
KOJIBIICBOTO JIpEHAXa CIIEAYET MMOJIb30BaThes Gopmymnamu [4, 16]:

JUTSL ApEHaKEH MPSAMOYToJbHOU B T1aHe (GOPMBI - 3aBUCUMOCTHIO (1);

st npeHakeit [1-o0pasHoii B mutane ¢popmsl (puc. 76, a):

r, = ~jabl T,

1uist ipeHakeit T-o0pasHoii B miane ¢popmel (puc. 76, 0):

. = \[a'c —I[E:' —c:Ir: +U,5I[E:-—cj|[a —r::I_

E

7 (73)

1uist ipeHaskeit [-o0pa3Hoi B utane Gopwmsl (76, 6):

" =JI':.:: +& —c:l:' +D,5I:cz —c)[b —c:l_

E

mpu alb=04 T (74)

_ WP
npralb< 04 Ot

rze f - koo duuuent, onpenensgeMsiii o tabdia. 1; P - nepuMmeTp ApeHaxa,

JUTSL ApeHakeit caoxHbIX hopM (puc. 76, 2):
Fo SRR, (75)
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rae ry, ry, .., Ip - PacCCTOAHHUA OT LICHTPA TAXKCCTU APCHAKA OO YIITIOBBIX TOYCK U CCPCAUHEI €TO
CTOPOH; N - YHCIIO XapaKTEPHBIX TOUEK, IO KOTOPBIX OMPEACISAETCS ITO PACCTOSHHE.

3 . )

b

bl

e

o

|

Puc. 76. KontypHble fpeHaXku pa3jIM4YHBIX B I1aHe (hOpM
a - [1-o6pasueie; 6 - T-o0pasnsle; 6 - [-00pa3HEIC; & - CIOXKHBIE

['maponnHamMuyeckass CcXeMa COBEPIIEHHOTO KOJBIIEBOIO TOPH3OHTAIBLHOTO —JIPEHa)Xa
npezcTaBieHa Ha puc. 77, a. [lpu pacuere BbIIEISAIOTCS JABE HE3aBUCHMBIE APYT OT ApYyra 30HBI
bubTpauu - BHyTpeHHss (mpu I < ro) u BHEmmHss (I > ro).

5.17. B oOmemM ciyyae aHWU30TPOMHOTO MO (UIBTPAIMOHHBIM CBOWCTBAM BOJIOHOCHOTO
mnacra (k; L1ky) u mocrymiennn cBepxy HH(GHIBTPAIMOHHOIO MUTAHUSA ¢ MHTEHCHBHOCTBIO @)
TIOJIOKEHHE CHIDKCHHBIX YpOBHEW Ny BO BHYTpEHHEH 30HE M MOJHBIA MPUTOK BOABI B APCHAXK W3
BHYTpEHHEH 30HbI Q1 pacCUMTHIBAIOTCS 1O (hopMyiam:

P h P
By = b+, ~ g 30| 77, 22 [+ 20 | |7 2 |-y | 7 g 22 |
2 I ¥ ¥ (76)
Q1 = 4pkep he (Ne - hyp) @3 (fo) + Lorg” [1 - 44 (fo)]- (77)
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AT ')’?)77}5» AP,

R ]
= 4 ! 4

Puc. 77. CxemMbl KOIbIEBOr0 HECOBEPIICHHOT0 TOPH30HTAJIBLHOIO JPEHAMKA

a - COBGpHIeHHLIﬁ B OHHOCHOﬁHOM I1acTe; o - HeCOBepHIeHHLIi;I B OIIHOCJ'IOﬁHOM m1acTe; 6 - HeCOBepHIeHHLIﬁ B
ZlByXCJ'IOﬁHOM miacTe ¢ I/IH(lJI/IJ'ILTpaHI/IOHHLIM IIUTaAaHUEM, 2 - HeCOBepHIeHHLIi;I B ZlByXCJIOﬁHOM mjacTe ¢ KpyroBbiM
KOHTYpPOM NHUTAaHUA

— h, .t i k
hom R s k’“‘ =x'%;yj=f;%=m;

3nech
Dp, Dy, Oy, O3, D4 - cnenuanbabie GyHKIMH, rpaduku pyHkuil O, @3 u D4 NpUBeIEHBI HA
puc. 78 - 80.

l:I:)I:Il:'Fr .:.':I 22 JJ(VI: r}} EEp I:_ﬂ’l:u th U?e'gc);
M -l |.JT v _
®F 2R =25 V(; f;' — e v, k)

- KopHH ypaBHeHus Jo (Ny) = 0.

Hns pacuera ¢ynkuun @ cocraBieHa MNporpamma JUIsi MHUKPOKAJIBKYISTOPOB THIIA
«Onextponukay b3-34, MK-54, MK-56, xotopas npuBeaena B npui. 14. Ilpu BerunciaeHuun
¢ynkunu @y 10CTaTOYHO OTPAHUYUTHCS IBYMS WICHAMHU Psila.
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r!"'l ﬁ';
06—
""""'--. |
pe
Sy \\,.,\}\,
02 e< 001 — \'--_\\\\
|
‘\j\%\\ b
NN
N
: L
0B i1
Puc. 78. I'paduk pyHkumnu
Jo (7]

O, (7 k) =2 =,
' ;.ﬁ'{:‘jl{ﬁ'{x}ﬂl .L'{n'ggc

T1e L, - KopHH ypaBHeHus Jo (¢n) =0
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®, ify)
10

N

"\
° N
B
™
1 :
[
o]
-7 -1 O s
Puc. 79. I'padux pynkuun
Dy () = > exp(~4£ 1)
Hml
¢, 4.
D25 ——
]
q |F ﬂ{—
1l 4 ' =
0 a1 0,2 o3 o4 as 0%t
Puc. 80. I'paduk pyHkumnu

2= 2
—
®,0f) = ZM
1=l oy
T1e Ly - KopHH ypaBHeHus Jo (¢n) =0
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[ A
f ——
- T~
=~ L
~L ™
03 ‘%.H1 ~
™~
-—m‘
)
06 S
S~ \
~ \L{ u
i L TN N\ \
" EERNGEANENNRIE
— P “\\ N \\
o SUANBN W
___-_-""'lh...{ z \‘ \'\. \
02 I . \
- N
= "---....._______“_ EKH
o8 LT
- t— -
n i 1
02 0.4 0,6 oA wr
Puc. 81. I'padux pynkuun
K J ey
(7, £,y =25 20D iy,

2=l .L‘{;vg "J?l (.'H;gj
T1e Ly - KopHH ypaBHeHus Jo (¢n) =0
q)6 (F y fO)
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"~ ,

HJW

0.6

DA

D2

02 04
Puc. 82. I'padux pynkuun

Hemi

ol gy =10 82{#351(#}

Tle Uy - KopHH ypaBHeHus Jo (un) =0

U3 dopmyn (76) - (77) npu t oo (mpaktuuecku mpu fo > 1) monydarorcs 3aBUCUMOCTH JUIs
YCTaHOBUBIICHCS (DUIIBTPALIHH.

B mnactax cpaBHHTEIBHO Majoi MOITHOCTH, KOT/Ia ke < 0,1, popmyna (76) ynporraercs 10
BUA
.?" —
By =g+ (B, ~ g Y5 (F ) + XL @ (7, ).
Ak, (78)

I'paduku pynkuuit s u Og npuBeneHs! Ha puc. 81 u 82.

5.18. Bo BHemHel 30He (I > Ip) IBM)KEHHE BOJBI Oy/IET YCTAHOBUBIIMMCS MPU MOCTYIIJICHUN
CBepXy HWH(DUIbTpaMM WIM HAIMYUU KOHTYypa THUTAHHS, B OCTaJbHBIX CIydasX OHO
HEYCTaHOBUBIIICECS.

[Ipn muTaHMKM BOJOHOCHOTO TOPHU30HTA 3a CYET WHOUIBTPAIMU B Clydae OJHOCIOWHOTO
cTpoeHus miacta (puc. 77, a) nenpeccCuoHHas TOBEPXHOCTh CTPOUTCS 10 YPaBHEHUIO
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Ez:f =h§; i R DR T &.‘rg(rlf —rgj
' e 2k (79)
a TIPUTOK B APEHAX U3 BHEITHEH 30HBI ONpeAensieTcs mo GopMylie
Q2 = 7o (sz - roz).

3nech Ry, - JambHOCTH NEHCTBUS JpeHaka, KOTOpask HAXOJUTCS TOJ00POM U3 YpaBHEHUS

@, CR (80)
[Ipu HanM4YMKM KPYroBOro KOHTYpa MHUTAHUS HAa PAcCTOSHUU R OT IEHTpa ApeHa)ka pacueT
BCACTCA 110 3aBUCHUMOCTAM:

}22
ﬂz§=h;+(ﬂzf—k;:'h”’"° 0, -l Tm
In B InRin (81)
®opmyner  (78) - (8l) MOXHO UCHONB30BaTh W B JIBYXCIOMHBIX IUIACTaxX, €CJIH
BOCITOJIb30BaThCsI MPUBEACHHBIM KO3 duirenToM Gunbrpanuu K*, paBHbIM
koM + k(= M)

E

ki, (82)

=

rae M - MOITHOCTb HMKHETO CJIOS.

[Ipu OTCYTCTBMM KOHTypa MOCTOSHHOTO HAmopa Wik MH(PUIBTPAIMOHHOTO MUTAHUS pacueT
IIPUTOKA BOJBl B JPEHAXK W3 BHELIHEW 30HBI M IOCTPOEHUE IONPECCHOHHOM IOBEPXHOCTH B
HEOTPaHMUYEHHBIX B TUIaHE BOAOHOCHBIX IIACTAX MPOU3BOAATCS MO (OPMYIIaM:

0 (B —hg)
TN (83)
1%
B =k - - 51—t Al 1+’T;11 ,
erf
2
Vo (84)

®opmyel (83) - (84) OynyT cripaBeUIMBBI U ISl ABYXCIIOMHBIX TIACTOB, €CIIM UCIIOJIb30BATh
cootHoIeHue (82).

B 3aBucumMocCTH OT YyCJIOBMM IMTaHUS pPacdyeT HECOBEPLICHHBIX KOJIBLEBBIX JApECHAXKEU
TOPU30HTAIBHBIX  JpeHaked mpou3BoAMTCA 1O  ¢GopMylaM  YCTAaHOBHBIIETOCS  HWIJIH
HEYCTaHOBUBILETOCS peXHUMA.

YcranoBuBIasca GpuabTpanus HaOMIOAAETCA MPU MOCTYIUICHUH CBEpXY MHOUIbTPALUU WIH
HATMYUU KOHTYPOB ITUTAHUSI.

5.19. Tlpu mocTymieHnu CBEpXUHGUIBTPAITMOHHOTO MUTaHHs (pUC. /7, 6) B OJHOCIOWHOM
IUIacTe CO CBOOOAHOHM IMOBEPXHOCTHIO MPUTOK BOABI B JpeHax Q, MOJOXKEHHE CHIKEHHBIX
ypoBHEM BHYTpH Apenupyemoro kortypa (r Llrg) hy u BHe ero (r > rg) h, paccunrtsiBaroTcs 1mo

bopmymnam:

Q = moare’ + Loy sz (R - 10); (85)
hy = +m1(ru - a:ﬁ:r2 . -;' +""n {an — @) ‘:
4k, 2k, (86)
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v |- ml(”"z_?'uzj+"uz':m1_m2)é-
2,%;3 ru ' 4ich 2k 7V (87)

(3

By =m+

3nech {1 - TOMOJHUTEIHLHOE CONMPOTUBIICHUE KOJBIIEBOTO APCHAKa B OAHOCIONHOM miacte, R -
JATBHOCTH JIEUCTBUS KOJIBIIEBOTO JApeHaxa, KOTOpas HaXOAUTCS MOA00POM U3 YPaBHEHHUS

E pla-2rfg|rfnle g2
at

&32 2 i .?"D 2 . (88)
JonomHauTensHOE GUIBTPAIIMOHHOE COMPOTUBIICHUE {1 PABHO:
8
= n Ly
Ty T (89)

[TonoxeHrne CHUKEHHOTO YPOBHS MOJI3EMHBIX BOJ B LIEHTpe ApeHaka Ah, Beruucisercs mo
bopmyne
: % - (r"u)
{1 (90)

—_— *
rae 7 o= ro/m, Lhy - npubmmwkensoe 3nauenue Ahy, OHO paBHO:

mr a, R r(a:r -ty
= 1, (0) - 2 o Wb, RS B
Mﬁ“ ©) dkch 2k N 2k o

[ i (3

I'paduk pynkuum ®7 (7 o) npuBeneH Ha puc. 83.

IMpu orcyrcTBMM HMHOWIBTPALIMOHHOTO MUTAaHUS B OXHOW W3 30H (I > rp wmm I < rp)
COOTBETCTBYIOIIEE 3HAaUYCHHE [{ TPUHUMAETCS PaBHBIM HYITIO.

HecoBepiieHHBINM KOJNBLEBOW JApeHaXX B OAHOCIOWHOM IUIACTE C KPYTOBBIM KOHTYpOM
nutanus Ha pacctosuuu R (Rz= R, w, = 0). B mpeaenax ApeHHPYEMOro KOHTYpa MOCTYIIaeT
JIOTIOJTHUTEIbHOE WH(UIBTPALIMOHHOE TUTaHue @ (puc. 77, 6). PacueT monoXeHHsI CHIKEHHBIX
YPOBHEH I'PYHTOBBIX BOJ ¥ IPUTOKA BOJIbI B APEHAXK BBIIIOJIHSIOTCS 110 (popMyiam:

npur<ryp

- Spln Riny | anf 1_i+ 20, Rz, _,
nRim+& dkn| #w WRin+4 (91)

apu r >rg

4
Soln Ry a@nily I Rin

4 e

In Riry+& 2kk I Ring+dy (92)
2
Q= 2‘?#:'326 Su_l_wu ]I'.I.E
In R.'Il.r'n +|§-1 Ek;gc o (93)
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®y (7ol

12|14

L S—

AN

2

0
L 10 15 a

Puc. 83. I'padpuk pyuxuuu @7 (7 o)
[TonoxxeHne CHMXKEHHOTO YpPOBHSA B LEHTpe JApeHaxa Borumcisercs no dopmyne (90), B

KOTOpYIO ToficTaBisieTcss Ahy , paBHOE

2
oo SG L, any [1+2g'1 In Riz, ]

S RIn i L, kR o Rin + 0,

[Ipu orcyrcTBUM MHDUIBTPAIMK B IPUBEACHHBIX (popMyax cienyeT npuHuMath @ = 0.
[Ipu pacnonoXeHnn KOoJbIIEBOTO JpeHaka BOJIM3HU MPSIMOJIMHEHHOrO KOHTYpa MUTaHUs (puc.

84) ¢ mamopom h, Ha 3TOM KOHType pacdeT BEAETCS MO CIACAYIOMUM (OpMyIIaM:

0- 27k (B, —m)
Inf 2Lir +r 20V + & (94)
'332 = e ﬁe—m ]nl,
{20/ +035n/L)+8 o (99)
o b~ 1
VT W(2Lin +05RI 0L, A (96)
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¥<

Puc. 84. Cxema KoJIb1IEBOI0 ApeHAkKa BOJIM3U NPAMOJUHEIHOT0 KOHTYPA NUTAHUS

1 - npeHaxx; 2 - KOHTYp ITUTAHUS
3nech
x2+y2—£.2.v=_ 2xl

CHMXKEHHBI YpOBEHb B LIEHTpE ApeHaka paccuuthbiBaercs mo ¢opmyne (90), B KOTOpyIO
*
nojacrasisieres Ah , paBHOE

& =ut vty =

5, 1

S_
AR = W(2Lin+ 0550+ S T g

I

]

npuueM L onpenensiercs mo Gpopmysie (97) npu 3HaueHusx X =0wuy = L + ro.

5.20. [Ipu paboTe KOJBLIEBOrO HECOBEPIICHHOIO TOPHU3OHTAIBHOTO JApeHaXka B ABYXCIOWHOM
BOJIOHOCHOM TuTacTe (CO CBOOOTHON TOBEPXHOCTHIO) KOHEYHOW MOIIHOCTH HEO0OXOaMMO
pa3nuvaTh qBa CIIyYas - JPEHaX pacroiaracTcs B BEPXHEM CIIOC U IPEHAXK 3ariTyOJieH B HHKHUI
cioii. HanGonpmmii mpakTHUeCKuil HHTEPEC MPEACTABISAET TEPBBIA CyJai.

[Ipu pacronokeHHH JpeHaka B Tpeaenax BepxHero cios (puc. 77, 6) mpu pacderax
BO3MOXHBI J1Ba BapuaHTa: Ky < Ky 1 Ko > K;.

Ecmu Kk, < ky wmm xopoiio nmpoHHIiaeMbIil €10 MOACTUIACTCS CIa00MPOHUIIAEMbIM, PacyeT
BEJIETCSI 1O METOJy BHUPTYaJIbHOTO OCPEJHEHMs, T.€. JBYXCIOWHBIN IUIaCT MPUBOAMUTCA K
OJTHOCIIOWHOMY € KOA((PHUINEHTOM (PHIBTPALUHE BEPXHETO CIOs K1 U IPUBEICHHON MOIIHOCTHIO
h",, BerancseMoii o popmyie (64).

BpIcOTHOE MOI0KEHHUE OpEeHaKa IIPU ITOM HE U3MeEHseTcCs. J[albHEeUINK pacdyeT Benercs Io
dbopMynaM AJis OTHOCIIOIHOTO IJ1acTa, IPUBEIEHHBIM BHIIIIE.

Eciu ky > ki, HO 0 < 5, U1 pacyeToB Takke€ MOYKHO HCIOJIB30BaTh METOJ BUPTYAILHOTO
OCpPEIHEHHUsI, T.C. ABYXCIONHBIA TIJIACT NPUBOAUTH K OJHOCIOHHOMY C HCIHOJB30BaHUEM
cooTHoIeHus (64).

Hrke pUBOIATCS pacueTHbIEC 3aBUCHMOCTH JIIst 3HaYeHuid L /> 5.

[Ipu moctymiueHun cBepXy MHQPUWIBTPAIIMOHHOTO MHUTAHUS PACUETHBIC 3aBHCHUMOCTH HMEIOT
BUJI:

Q = o’y + [ (R, - o), (98)
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2_ .2 2 _
;gl=m+ dm‘l('r":l‘ F :I Ig;; - %QJ@(?I mﬂ),
4k k. Ek k. 2k A, (99)
Rj r e a7 —r)
hy =t ;?;5;3 _+'§EJ@] Dzss;( A
0 £ (100)

3neck R, - NanmbHOCTH JCHCTBHs KOJBLEBOTO TOPH3OHTANIBHOIO APCHAXa B JIBYXCIOHHOM
mwiacre; (oL[{, - nomonHHUTENbHOE (GHIBTPALNOHHOE CONPOTUBIICHHUE; k. - ocpeaHEHHEI
ko3 uuuent punsrparmu. Onpenenenue R, mpon3BoauTcs myreM noadopa o ypaBHEHUIO

zkckc(';ge —P?E:I _'rlilg 'érngq;. — |:|,5 +ﬂé’2¢j’m = Rﬁ In R—"’+ érz{:l'np - 0,5 .
a, a, % (101)

B npuBeneHHbIX BbIlIe (hopMyiax

G 2 (08

b S roooaT itk

[

3uauenus Gpyukiuu Lk (7 o, 0) npuBenens! Ha puc. 85.
[Tono)eHre CHMXKEHHOTO YPOBHS MOA3EMHBIX BOJ B LIEHTPE ApeHax)a Ah, BhUMCIAETCS 110
bopmyie

- @y (3, 9) ~ 20,5 D270
- (102)

*
rae Ah | - npubmkeHHoe 3HaueHue Ahy,, oHO paBHO:

o = 2

i = S @Ry | TGO (@~ @)
Ak, 2k 20k ’

o

":I:’-_:u(f:u:ﬁj: ;2 Y

[P lfy. &) — Py iF. O3] 7

D*-=||._.
I
:#Im

3navyenus pyHkuuid Dg ("TIJ ,0)u D (’FEl , 0) mpuBeieHbI Ha puc. 86 u 87.
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P

5 =g

be

0.8
0.8

q4 o4

=02

.

, \E\E\\_ﬁ_ﬁ_
S

p——

0.8
b= ..u,s;-'l

Puc. 85. Tpaduk pynkuun @ (70, §)

HecoBepiieHHBIN KOIBLEBOM TOPU30HTAIBHBIM IPEHAX B ABYXCIOWHOM ILIACTE C KPYTOBBIM
KOHTYpOoM muTaHusi (cM. puc. /7, 2) ¢ pamuycom R. B mpenenax npeHupyeMoro KOHTypa

MOCTYITaeT CBEPXY WH(UIBTPAIMOHHOE MHTAHHE C HHTEHCUBHOCTHIO [/ Pacder npenaxa
BeZleTCs 1o hopMysiam:

]

_y _Gmm Rin el [ P 260y RIR
VY mRin+Go, AR # hmRin+Ga,

(103)
2=k_(ke—m)hﬂfr+m?a2§}ﬂ'@ mRin
WRir+ o, Ak WRIG+G0, (104)
* 4
o= 2R, . @0 R
].ﬂ R.‘ll.rl':l + érj(:rnp 2.5.':‘_..33‘_. .?"D (105)
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»,(r.5) =-08
0 — 5= 04
5§ =012
o 10 207
Z.
=01
--f _'_,,.J-"'"
-0,2 N 6=
- '\ ‘ -
\--...-#/ [ -::
-0,3 5 =0.4
=02
Puc. 86. I'paduk pynkuuu g (Fﬂ , 0)
e
£
P
a L ‘ /
. 4 7 /
if-“?
o
- P _— a A /
_,.—/ y
’_’_?-‘/- o
]
1 it 1 ___,...--'-""'". 10
"_...---'—'...-—-'-""-' _Hﬁ# ".'U;‘
------—-_"'-'...-I
-1 -08 -08 -04 -02 @ 02 pa 08 0B 1i

Puc. 87. I'padpux pynkuun @ ("TIJ ,0)

[Mono)xeHre CHUKEHHOTO YPOBHS B IICHTPE JpEHaxka, T.e. BenuunmHa Ah, Bbrumcisercs 1o
dopmyne (102), mpuuem

_mGe, o [ 260,00 Rk

= 0
A In Rin+&o, 4k | hRin+io,|

[Ipu pacnojOXKEeHWH HECOBEPIIEHHOTO KOJBIEBOIO TOPHU3OHTAIBHOTO JApeHaXka B

JIBYXCIIOWHOM IIIaCTE BOJIM3HU MPSMOIMHEHHOTO KOHTYypa MUuTaHus (cM. puc. 84) ¢ marmopom he Ha
*

3TOM KOHTYpe pacdeT Bezercs o popmynam (94) - (97) ¢ 3amenoit B Hux K Ha K ¢ u (3 - Ha (0.

5.21. HeyctaHoBUBIIyIOCS (WIBTPALMIO PACCMOTPUM JJIsi HEOTPAHMYEHHOTO B IUIaHE
BOJIOHOCHOTO ropu3oHTa. [IpuBencHHBIE 3aBUCUMOCTH CIPABEUIMBBI ISl TIOCTOSIHHOTO YPOBHS
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BOJIBI B JIpEHaX W OOJIBIIMX MOMEHTOB BPEMCHH, TAaK KaK IMPH MHKCHEPHBIX pacuyerax Mable
MOMEHTHI BPEMEHH HE MPE/ICTABILSIFOT HHTEpeca.

Pacuernas cxemMa  ONHOCJIOBHOIO  IUIACTa CO  CBOOOJHOW  MOBEPXHOCTBIO  C
MHOHUIbTPAMOHHBIM TUTAHUEM BHYTPH JPCHUPYEMOT0 KOHTYpa MPEACTaBICHA Ha puUc. 17, 6, 2,
B KOTOPOii cienyer cuutatb R — o u ap = 0.

ITpuTOK BOIBI B JAPEHAXK, MOJOKEHHE CHIDKEHHBIX YPOBHEH BHYTPH JAPEHHPYEMOTO KOHTYpa
hy (r Oro) u BHE ero h, (r Lrg) paccuunrtsiBatotes mo popmynam:

Q = 27khe So @1 (fo) + wrg? Doz (27, f7); (106)

by = b, = Syfl- B ) — GPy) -

I_Fj CH?"Q ) *
- +—L (1=t + 2507, A0
é'l%ﬂn TR 4»%%[ ri 2Py e™, A o
]

By =hy |4 - @5 &, 'i:'u(?_"*,ﬁ‘}.

2ich, (108)

_ — - " = _2':I _x *.
3necy 7 = rlrg, f, = at/ry, F*=T7e l:'; Jo = Joe ; @11 (fo), @12 (7, fo) - cmernumanbHBIC
¢ynkuuu, rpaduku KOTOPBIX IpezcTaBieHbl Ha puc. 88 u 89.
[TonoxeHne CHIKEHHOTO YPOBHS B IIEHTpe ApeHaka Ahy Beramcisiercss mo dopmyse (90),
npuyeM

Dy =Ry (0, f) = = Sy @50, f) + G () +

2
+ & et Sl
4012670 4ich,

[1+28,Py, '(é'_c' :fu‘:']-

JIBYXCIOWHBINH TUIACT CO CBOOOAHOI NMOBEPXHOCTHIO B HEOTPAHMUYEHHOM B IUIAHE IJIacTe C
UH()HUIBTPAMOHHBIM ITMTAHKHEM BHYTPH JpEeHUpyeMoro KoHTypa (cm. puc 77, 2 mpu R [1[). B
JAHHOM cjly4yae /s pacueTa HECOBEPIICHHOIO KOJBIEBOIO JIpEHA)Ka HCIOJb3YIOTCS
3aBHCUMOCTH:

&3.‘?"2

= 25’&:’;3; Su':ru':fn;:' + ﬁ '51313(.;;'_““"':' fn;:' :
et (109)
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&, 4020
‘II'I|' e -
; 1
4
L
2
1 N"'\;...
"“H“-—H
0.6
——
r"---....______
o.zl
8,1 )
01 02 o 1 2 & 10 20 5 1w 20 600 W0y
Puc. 88. I'padpux pynxunn @1, (fo)
©53 t7a; 13} Yoo
1
08 ﬁ-a:,_[_l___..-- m
UL l-"’;u-l 2 [
0,7 4/’,-“—’-' H‘,..-——-'": —
6 7"
l f/ / o 3 =
05 r
4 y. e -~ ﬂ
0.4 /.- j,,r A 5 e
03 ra -« - 40
u? w4 » d ;‘5"? - I
" I'/ - I_.pfn ?ﬂw ..-*"-# 850
] ] i
0 n.--"'F ...--"'"'r_ 10 | fs=70
-2-V\0 050 08 1 15 2 26 3 3B 4 45 5 55 & A6
i 3 1 L " g i i 11 1 ] | i
w' 020308 1 2 45 10 2030 60 g 210°3 %% '
Puc. 89. I'padpux pynxunu @1, (7, fo)
A S Iy S i N
1 4 ] S e m24f03ﬂn1,26f0;)2
2
G, _ cr et
+—L[1- 7 4 20, G e, 1))
Aich, (110)
avla i} .
hy =h, - [S'J _U—*npgz (7,2, fon)
2ih, (111)

B stux gopmynax fos = k*chct/ (n1l’20); fOB* = fOBéhwh .
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[MonoxeHne CHMXKEHHOTO YPOBHS B IIGHTpe ApeHaxa Ah, Beruucnsercs no ¢opmyne (102),
npu4eMm

2
@y T

2&::.32:_. 27 (‘E"'_Gunh ,f;;.;j'.

Mg = 5[ D5(0, Fip) + O P )] +

IInacToBble U NPHCTEHHbIE APEHAKH

OuibTpalsi K  IUIACTOBBIM  JIpEHa)kaM  MOXET  HOCHUTb  YCTaHOBMBIIMWCA WK
HEYCTAaHOBMBUIUICS XapaKTep.

5.22. YcranoBuBmascs GuiabTparus HaOI01aeTCs MpU MOCTYIUICHUU CBEpXY MHOUIbTpAIIUU
WIM HAIWYUU KOHTYpOB muTaHus. [Ipu mocTyruieHuu cBepxy WHOUIBTPAIMOHHOTO MMHUTAHUS
(puc. 90, @) B OAHOCTIONHBIN TJIACT CO CBOOOHOM MOBEPXHOCTHIO [4] MPUTOK BOABI B ApeHaX Q
U TOJIOKEHUE CHUYKCHHBIX YPOBHEH N paccunThIBatOTCS 10 hopmMysiam:

Q=m0 Ry - 1o); (112)

B = +'::‘?:r_f?‘3]_.[.1 L mé}(ﬂz —r'ug]l _ alr —rzj.
F'n

% k 2k (113)
3necb R, - J1agpHOCTH JEHCTBUS IUIACTOBOrO  JIpE€Haxa, (o - JOMOJIHUTEIBHOE
WHOUIBTPAIMOHHOE COMTPOTUBIICHUE, TPHYEM

Co=2m LJg, ] (he- m). (114)

JlanbHOCTB IEHCTBHS TUIACTOBOTO JIpeHaxa R, onpeaensercs myreM noadopa u3 ypaBHEHUS

k R

—( =) (6 -0.5) = B[l ==+ 5, - 05|

“ "o (115)
3Havenus GyHKIIUHU (, MpUBEICHBI Ha puc. 91.

[Ipu moctymieHnu cBepXy MHQWIBTPALUU B IUIACTE C KPYrOBBHIM KOHTYPOM IHUTAHHS Ha
paccrosiauu R (cm. puc. 90, 8) 115t pacueToB UCIIOIB3YIOTCS CAEAYIOMHE POPMYIIHI:

0- Puin kg_mhm(ﬁz—rﬁ_wﬂ? _
n Rirm +&, | ¢ i 2k | (116)
Wi O =D [ o e@®-r) el | W RIr

2k 2k 2kl | Rir + &y (117)
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iy was

ALY,

a

7/ y
7 - .

%% 7
' K

O 7 Y8 77

AN PR O, Ml e R

f;"}‘:‘}fjf}; i ] i

Puc. 90. Cxembl IJIACTOBOrO APeHAXkKa

a-B OHHOCHOﬁHOM j1acte ¢ I/IH(i)I/IJ'ILTpaIH/IOHHLIM MNMUTAaHUCM; 0-B OHHOCHOﬁHOM J1acTe ¢ KOHTYPOM IMUTAHUSA; 6 -
B OHHOCHOﬁHOM IacTe ¢ HH(l)HHLTpaHHefI 1 KOHTYPOM IIUTAaHUs; 2 - B [[ByXCJ'IOﬁHOM IacTte ¢ I/IH(l)I/IHI)TpaIII/IOHHLIM
IIUTAaHUEM, 0 - B I[ByXCJ'IOﬁHOM IJ1acTe€ ¢ KOHTYPOM IIUTaHUSA; € - B I[ByXCJ'IOﬁHOM 1acTe HeOl"paHH‘IeHHOﬁ
MOIIHOCTHU

[Ipn orcyTcTBUM WHQUIBTPALMM CBEPXY, HO HAJIWYMHM KPYroBOTO KOHTypa HHUTaHHUS Ha
paccrostauu R (cm. puc. 90, 6) B aTux dopmynax ciexyer cuutars @ = 0.

[Ipu pacmonoxeHuu IUIACTOBOTO JIpEeHaka BOIM3HM MPAMOIMHEHHOTO KOHTYpa MUTAHHS (CM.
puc. 84) ¢ mamopom h, Ha 3TOM KOHTYpe (PHIBTPAI[MOHHBIA pacyeT BEAETCS IO CIETYIONUM

bopmymnam:

o- ekl —m®) _
In (2Lir +05n 1LY+, (118)
2 _ 32 _ ’333 - l
© I (2Lin +05m iDL, o (119)

3neck [lpaccunthiBaercs o gpopmysie (97).
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TEPPUTOPHIX

tn
0

10

i

1 oo |
0.1 I
0 1 2 f=nim

Puc. 91. 3HayeHus1 CONPOTUBJIEHH IVIACTOBOIO ApPeHa:ka { B OIHOCJI0IHOM IJIacTe

B JBYXCIIOMHBIX IIacTax co CBOOOIHOM MOBEPXHOCTHIO MpH cobiroaenun yciaosus /> 10
YPOBEHb 'PYHTOBBIX BOJ B BepXHEM ciioe N1 CBsI3aH ¢ HAIOPOM BOJIbI Ha KPOBJIE HIKHETO CIIOS

h, cootHOIEHNEM
anld

,Eg —_
155“21

B vacTHOCTH, IpH OTCYTCTBUM MHPHUIBTpauK cBepXy hy = hy
[Ipu moctymnenun cBepxy MHGUIbTpamuoHHOTO nmuTanus (cMm. puc 90, 2) MpUTOK BOIBI B

JpeHaxk paccuuThiBaercs mo Qopmyne (112), a mojmokeHHe CHMKEHHBIX HAIMOPOB IO KPOBJE

HIDKHETO CJI0sI OTIpeieisieTcst o opmyiie
By =i @R, mi+m§2x(ﬂi _ruzj_m(?"z_ru:'_
T2 M g e, M A, M (120)

JanpHOCTh NeiicTBus apeHaxa R, HaxoauTcs mogdopoM U3 ypaBHEHUS

~05|.
(121)

e, M, —h_
4 I3 a1} _ 2
2 +(‘§2x 0,5}.?" 0o
ray
ﬂOHOJ’IHI/ITeJ'II)HOG (bHHBTpaI_[I/IOHHOG COIMPOTUBJICHUEC IIIIACTOBOIO ApCHa)Xa B ABYXCIOMHOM

o

njacTe (on paBHO:

Gl () + 1 (B
T L) - ey M Mo

npu4eM ¢, onpezaensercs no rpapuxy Ha puc. 91, lo (z) u 11 (z) - pynxuuu Beccens nepBoro pona

MHHUMOTO apryMeHTa.
Ipu OTCYyTCTBUHM MH(PHUIBTPALIMU CBEPXY, HO HATMYMK KPYTOBOIO KOHTYpA MUTAHUS (CM. PUC
"Ry
In Birg + 5,
by R

90) pacueTHbIe 3aBUCHIMOCTH UMEIOT BHU/T

G = 27, M

'332 e 1 . -
]nR'frD-l-‘(;Ex F

20.05.2010 13:11
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[Ipu pacnonoXeHuu MIACTOBOTO JApeHaXka BOIM3H NPSAMOJIMHEHHOTO KOHTYpa MUTaHUs (puc.

84) ¢ mamopom h, pacuer Bemercs mo Gpopmynam:
By~ A .
In (2L + 050 i L+ &,

0 = 2, M

,32 —
L R 0 Y, o

B, by .

E

npudeM [/ebraucisiercs o Gopmysie (97).

[lpu pabore TUIACTOBOTO ApEHaka B JBYXCIOWHOM BOJOHOCHOM IUIACTE C HEOTPaHUYECHHO
00JIBIIION MOLITHOCTBIO HIXKHETO cios (cM. puc. 90, e) M HATMYUU KPYTOBOTO KOHTYpA MUTAHUS C
Harmopom h, Ha 3TOM KOHTYpE MPUTOK BOJBI ompeaesercs mo popmysie [4, 42]

ho- 2
O =7, (h, )| e —0 |
hlf?.a"rn @13(3",3,;’?.)

3unavenus (ynkuumud [}z B 3aBucumoctu or O = (ki - kp) / (ki + kz) paccumrbiBaroTcs
CIEeIyIOIUM 00pa3oMm:

npu 0 < 0,6
T R . r . f
D, = —arcsin L + 24| arcsin %— Arcsin —— '; =+
2 R ottty JR +r +dm
: 7, 7
+ 2% | arcsin d d

2m +J4P?22 + ﬁjﬂj + 52+ 16
npu 6 [10,6

T A : r

b, == —arcsin L+ 25 arcsin ———————
2 R 1, 2

et et oy

R=Fm, r=rm

+¢’14(§=Fu=5]';

3navenus GpyHKIun D1y (R -7 | §) npuBeens Ha puc. 92.

5.23. HeycranoBuBmascs ¢puiabTpamnus HaOMI0MaeTCa P OTCYTCTBUU KOHTYpa MUTaHUS, a
TAKXKC B IJIACTaX ¢ KOHTypaMH NHUTaHKA B HAYaJIbHBIC MOMCHTEIL pa6OTI>I ApCHAXa.

[lpu paboTe TIACTOBOTO JApeHaXKa B OJHOCIOHHOM HEOTpaHMYEHHOM B IUTaHE IutacTe 0e3
uHuIbTpamonHoro nutanug (cMm. puc. 90, 6) NMPUTOK BOABI B JPEHAXX B IMPOU3BOJIBHBIN
MOMEHT BPEMEHH BBIYUCIISIETCS 110 (popmyrie

Q= =P (5. o Sy =
o ; (122)

2 2
Bl —m i
7

7

3nauenus pynkuun D15 ({o, fo) mpusenens: Ha puc. 93.
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—— = e— z

Puc. 92. I'paduk pynkuuu @14 (R 7y , 0)
l-mpuo=1;2-npuo6=0,8;3-npu 6=0,6

[TonoxeHne CHM)XEHHBIX YPOBHEH TPYHTOBBIX BOJ JJISI JIOCTaTOYHO OOJBIINX MOMEHTOB
BPEMEHU CTPOUTCS 110 3aBUCUMOCTH
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BY =32 = (B =YD (P ), (123)
r¥=r fr,;; r,; = rué'_;"' : f.;.'k =at Jff’"uwg-

43 1te. ful
1

rac

o5 Aji .

.“"‘"1:-—
0.4

_F
0.4
0.2 N -
0.2
2 L [ | a 10

Puc. 93. I'padpuk pyuxuuu @15 (o, fo)

[MpuTok Boumbl B ApeHax mis Oonbimux MoMeHTOB Bpemenu (fo > 10) paccumrthiBaeTcs 1o
bopmyie
-
{ =W’CE?[1_ T 7. Al
0

[Ipu paboTe mMIACTOBOTO OpEeHaXka B ABYXCIOWHOM HEOTPAHMYEHHOM B IUIAHE ILJIACTE
KOHEUHON MomHOcTH 0e3 mHbuibTpanmoHHoro nutanus (cMm. puc. 90, 0) BBUAY CI0XHOCTH
PACUCTHBIX 3aBUCUMOCTEH pacucT BCACTCA OTHACIBHO JIS 6OJ'II>H_II/IX n mjda MajidblIX MOMCHTOB
BpPEMEHHU.

B HauanbHbIe (Majble) MOMEHTBI BpEMEHH MPUTOK BOJIBI B IPEHAXK MOCTOSIHEH U PABEH:
(%2, = ’ggpp:' K CGm)
FyUBm) + Snd i (8n)

3neck fo? = [oM (he - M) Ko (2), Ki (2) - dymkumm Beccens BTOporo poxa MHHMOTO
aprymenTa; (on onpezaensercs mo Gopmyie (121).

(2 = 2y Mry &

CBoOOIHAsT TTOBEPXHOCTh TPYHTOBBIX BOJ, PAacCIOJIararoliascs B IMpeaenax BEPXHEro Cios,
CTPOUTCS 10 ypaBHEHUIO

1~ e

B (= g ) Ky (5yry) T kit
oy U8+ GBS () = ik, — M) . (124)

ﬂJ’IH JOCTAaTOYHO OOILIINX MOMEHTOB BPEMCHH pPaCUYCTHBIC 3aBUCUMOCTH 3aIlIMCBIBAIOTCS B
BUIC:

2 _ ;1 .
0 =;??:3c1r|:,2 (h, _’Egpp]"i’u(’"u =f03:'_,

e
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ol e
By =k |1-exp| - = || -t — A )P (7 )
AN
— _ L L —S_n.'_ L _ _ ) t_ﬂxf
Fr=rimin =ne”"n =nin b=k -M 5, =—5.
31ech A
W3 mnpuBeneHHBIX B JaHHOM pasjeie 3aBuUcUMocTed mnpu (¢, = 0, T.e. OTCYTCTBUH

JIOTIOJTHUTEIBHOTO  (DMIIBTPALIMOHHOTO  CONPOTUBIICHMSA, MNONy4daroTcs  (GopMynsl  Juis
COBEPULICHHBIX IIPUCTCHHBIX IPEHAXKEH, BCKPBIBAIOIIUX BOJOHOCHBIN IUIACT HA BCKO MOLTHOCTb.

T'HJIPOTEOJIOT MYECKHUE PACUETHI JTIYYEBBIX JPEHAKEN

[Ipy THUAPOreOJOTUYECKOM pacyeTe JIy4eBOro JpeHaka pa3linyaroTcsi TPU CXEMBI -
OJTHONTY4eBOH aApeHax (puc. 94), CHMMETPUYHOE PACHOJIOXKEHHUE JPEH-Tyyeil BOKPYr cOOpHOTO
kostoana (puc. 95) U HeCHMMETPUYHOE pacioiokeHue ux (puc. 96).

5.24. PacueT OJHOJYYEBOTO TOPU3OHTAIBHOTO JpeHaka MpH MUTAHUM BOJOHOCHOTO
TOPU30HTA 32 CUET MH(UIBTPALIUU CBEPXY OINpe/esieHue IPUTOKA BOABI B IPEHAXK U MOCTPOCHUE
JICTIPECCHOHHOM MOBEPXHOCTHU MPOU3BOIATCS 1O popmyam [26]:

1
Q= 2 [l sh 25, (125)

-EEE
W =h2y, + 4k [1+ (20, + 28 sh 2& - ch 24]. (126)

3necy [ /- KOOpIMHATA TPOU3BOIBHON TOYKH ILIACTa B CHCTEME KO3()(DHUIMEHTA DIUTUIITHYECKOTO
wwmHapa; @, - gononHUTENbHOE (DHIBTPAIIMOHHOE COMPOTUBIICHUE JIy4eBOM apeHsl, [§ -
JATbHOCTH IEUCTBUS APEHAXKA; PAaCUeT 3TUX BEJIUYHMH BEAETCS MO 3aBUCUMOCTSIM

1 2+ ] 1
¢ =gk %*FJ(xﬂ+yz+32}3—4xzfﬂ :
(127)
b =031-2e g [P g 7.
20 |k, R (128)
i
(28R +2D,) sh 25 - ch 25 = @’ (W% - 1y) - 1. (129)

Bemuunna [4k (h% - hzﬂp) | (wlP) - 1] Bcerma nocTaTouHo Beduka (Gomee 5), MOITOMY
3aBUCUMOCTS (129) MOXKHO YIPOCTHTH JI0 BHIA

8k
— % 2 12
(2&r - 1+2@,) exp (2&r) = @™ (h% - h7y) - 2. (130)
Pacuer & mTO »STOMy YpaBHEHHMIO OCYHIECTBIISCTCS METOJOM  ITOCJIEJOBATEIbHBIX
npuOJIMKEHUH W HE TPEACTaBIACT HUKAKMX TPYAHOCTEH, OCOOCHHO MpPU HCIIOJIb30BAaHUH
MHKPOKAJIbKYJISATOPOB.
Mo ¢opmyne (126), cumrtass & = 0, MOXHO BBIYMCIHTH BEIMYUHY HABHCAHUS KPUBOM
JeTipeccuu HaJl IpeHor Ah
i
Ah=h (0) - hy, 2k sh 2&.
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» " ””“”'““l“
- ¢ [ L L] -'J
n= corat "‘- **' i." - _.f:l'-l:-r .':|'
' ] '-. - ) . " * '-.:" "-; Al I:t‘_l
) '-- ";di;\:-ﬁ:':ﬁl—' ‘- 'l" -
b= const 4 et uI I I | U NN
l | - " - - ul.ﬂ'r, -'_: ,-.'1-
L1 . =‘I :r :'E -1: . & . .,
1] | *® 13133111
1 21 L 21

Puc. 94. Cxema ogHO/Iy4€eBOI0 JpeHaka

a - mnaH; 6 - paspes3; 1 - cOopHbIii Konozel; 2 - JaydeBas ApeHa; 3 - JCNPECCUOHHAs MMOBEPXHOCTH NMpH padorte
JpeHaxa

Puc. 95. Cxema (B mjiaHe) MHOI0JIy4eBOI'0 JPEHAXKa ¢ CHMMETPHMYHBIM PacCIIOJIOKEHHEM
JApeH-JIyqei

1 - cOopHblii Kosofel; 2 - APEHbI-Iy4d; 3 - JKBHBAJCHTHBIM MO BOJONPUTOKY COBEPIICHHBIH BEPTUKAIbHBIH
KoJoAen

) 6l 3] 21 %
~
2
~ 2 -
o o 1
2 2 -
)4
1 } 20y j.

Puc. 96. Cxembl (B nJIaHe) MHOT0JIy4eBbIX JIPeHAkell ¢ HeCUMMETPUYHBIM PaCIoJIOsKeHueM
ApeH-1y4en
a - T'-o0pa3zublii npenax; 6 - T-oOpa3HbIil 1peHax; 6 - [1-00pa3HbIil qpeHax

1 - cOopHBIi KOTOACI;, 2 - APCHBI-TYYH

Ecnu mHuibTpanus cBepxy OTCYTCTBYET, HO MMEETCSl KPYroBOHl KOHTYP C HOCTOSHHBIM
HaropoM N Ha paccTossHUM R OT IeHTpa OIHONY4eBOrO JApeHaXka, TO pacyeT BEHeTCs IO
bopmymnam:
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ek} — k)
g=—--;
b, (131)
kyp + .u (}32 '332)
(132)

3necy & u &r ompenensitores no ¢gopmyne (127), onHako NpU BBIYMCICHUU &R CIEAYET
cuutath x =0,y = R.

5.25. JIyueBoii IpeHaxk ¢ CHMMETPUYHBIM PACIIOI0KEHUEM APCH-Ty4Yel OJMMHAKOBOW UTHHBI |
BOKPYT cOOpHOTO KOJO/Ia MpuBeAeH Ha puc. 95. B aToM ciydae ans meneil pacuera peanbHBIN
JpEHa)X 3aMEHSIETCS OSKBHUBAJICHTHBIM [0 BOJONPHUTOKY COBEPIIEHHBIM BEPTUKAIbHBIM
KOJIOZILIEM, TTPUBEICHHBIN pajinyc KOTOPOro * Haxoautcs mo gpopmyiie [6]

1 k k
].'[1 .?"* ]I]. j-.f” a5 ﬁm —{m
Z7F, sin o
¢ (133)
3nech N - KOJIMUECTBO APEH-Ty4eH.

B panbHeiilieM B 3aBUCUMOCTHM OT YCIIOBUM IHUTaHUS BOJOHOCHOIO TOPU30HTA pacuer
Benercs 1o ¢popmynam (112) - (119), B KOTOpBIX ciiemyeT m 3aMeHNTh Ha Ny, n cuntath & =0

5.26. JIyueBoi ApeHaX ¢ HECUMMETPHUYHBIM PACIIONOKEHHEM JIydeil B IIaHE M300pakeH Ha
puc. 96. Hanbonpimmii nHTEpEC MPEACTABISIOT ApeHaxu T-, ['- u [1-o6pa3ubix B mane Gopm. B
3aBHCUMOCTH OT COOTHOIICHUS JUIMH PA3TUYHBIX APEH-Ty4del IPEeHaXH MepeyrciIeHHBIX (opM
IPU TUAPOTEOJOrMUECKUX pacueTax MPUBOJATCA B OJHUX CIIydasiX K KPyrjoMy BEpTHUKaIbHOMY
KOJIOZILY, B IPYTHX - K OTHOJY4EBOMY JPEHAXKY.

Jpenaxu I'-06pa3ubix u T-00pa3Hbix B miaHe ¢popm (cM. puc. 96, a, 6) npu lo/l; menee 0,4 u
Oouee 2,5 MpUBOIATCS K OAHOIYYEBOMY C MIPUBEICHHON JUIMHOM |+, onpenenseMoii mo Gpopmyie
I« = ﬂll

HanpHeiimuii pacyer Bepercs mo Qopmymnam (125) - (132) B 3aBHCUMOCTH OT YCJIOBHIA
NUTAHUS BOJOHOCHOTO IjIacTa. 3HaueHUs Ko GUIMEHTa IPUBEIECHUS £ TIPUBEICHbBI HUXKE:

I/l 0 0,1 0,2 0,3 0,4
i 1 1,023 1,05 1,09 1,13

I[Mpu 0,4 < I/l < 2,5 paccMarpuBaeMble ApEHAKH MPUBOAATCA K COBEPIICHHOMY
BEPTUKAIBLHOMY KOJIOJIIY, IPUBECHHBIN palyCc KOTOPOTO I'x PACCUUTHIBACTCS 10 (GopMyIie

F h
hr=lnd-——Eh —F —,
X . 7n
Z5F, s —
A, (134)
npuueM I« = [4l;. 3navuenus wo:

I,/14 0,4 0,5 0,6 0,7 0,8 0,9 1
1 1,13 1,17 1,35 1,332 1,425 1,515 1,596

JanpHedmui pacyeT NPUBEACHHOIO BEPTUKAIBHOIO KOJIOALA INPOM3BOAUTCS YKa3aHHBIM
BBIIIE CIIOCOOO0M, T.¢. T0 hopmynam (112) - (119) mpu (o = 0 u m = hy,.

Hpenaxu [1-o0pazubix B miuane ¢opm (cm. puc. 96, ). Ilpu l/l; < 0,3 npu pacuerax
peanbHBIi APEHaX MPUBOAUTCS K OJHOIYYEBOMY C MPHUBEACHHON JauHOM |+, paBHO# I+ = 1sl;,
npudeM 3HadeHus [4 ciemyromue:

1/, 0 01 0,2 03
u 1 1,046 1,1 1,22
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Ipu ly/l; > 0,3 I1-o0pa3Hblii B TuUIaHE Jy4eBOH JIpEHaXX MPUBOIUTCS K BEPTUKAILHOMY
KOJIONIY TIPUBEICHHBIM, PaJANyCcoOM I, paccuuTbiBaeMbiM 10 (opmyne (134), B KOTOpyIO

rojcrasisieTcs 3HadeHue |« = 2,256 \J"’?l"?E .
T'NJIPOI'EOJIOTHMYECKUE PACUETHI BEHTUISIHUOHHBIX JIPEHAKEN

5.27. BEHTUNSIMOHHBIN NIPEHAXX yCTPAWBACTCs JJisi TMOHIKEHUS YPOBHS TPYHTOBBIX BOJI,
CHSITUSl KaNWJUIIPHON KalMBbl U CHMKEHUS BIAKHOCTHU CJIa0ONpOHMIIaeMbIX IpyHTOB. Hanboiee
palMOHANIBHBIMU TUIIAMU KX SBJISIIOTCS TPAHLIEHWHBIA U IUIACTOBBIM. BEHTUISUMOHHBIA TPEHAXK
TPAHIICHHOTO THMAa TPEACTABISIET COOOM 3aIlOJIHCHHBIH KPYMHOOOJIOMOYHBIM MaTEpHaATIOM
(mebnem ¢pakuuit 30 - 50 mm) kanan (puc. 97, @) WIACTOBOTO THUMA - APEHAKHYIO TTOCTETh U3
Takoro xe marepuana (puc. 97, 6), couerarommuecs: ¢ yCTpOHCTBaMH Jisg 3a0opa U BBIOpoca
MPOyBaeMOTO BO3AyXa.

['unporeosoruyeckuii pacyeT BEHTUISIIUOHHOTO JpeHa)ka 3aKIII0YaeTcsl B ONPEAeSIEHUH OIS
BJIArOCOJIEPIKAHUS B 30HE OCYIICHHS, IPUTOKA BOJBI B IPEHAXK U CHIKCHUS YPOBHEH TPYHTOBBIX
BOJI B OCHOBAHUH JpeHa)<a MJIaCTOBOIO THIIA.

Murpaniuss BIarm K BEHTUISIIUOHHBIM JpPEHaXKaM MOXET HOCHTh YCTAaHOBHBIIUWCA H
HEYCTAaHOBUBIIMICS XapakTep. HeycraHoBuBIIasicsi MUrpanus MPOUCXOAUT MPU OTCYTCTBUU
KOHTYypa MHUTAaHUS U B IJIACTaX ¢ KOHTYPOM NMUTAHHS B Ha4allbHbIE MOMEHTBI PabOTHI JApEeHaXA.
Huxe mpuBoIATCS OCHOBHBIE pacyeTHHIE 3aBUCHUMOCTH JJisl MPOTHO3a BIIArOCOAEPKAHUS B
o0nacTu KanmuUIIpHOW KaiiMbl MpU paboTe BEHTUIISIIMOHHOTO IPEHAXA, B HEYCTAHOBHUBILIIEMCS
pexume [17]. OHM TOCTPOEHBI TAaKKUM 00pa3oM, UTO (HOPMYJIBI JUTsl YCTAaHOBUBIIIETOCS TIpoIiecca
MOJTY4aI0TCsl IPH OTOPACBIBAHUU CIIATa€MOT0, COJIEPKAIIETO BPEMSI.

5.28. BeHTWISIMOHHBIN JpeHaxk TpaHiieinoro tuma (puc. 97, a).

2z &)
a) - ===
a U=ty
.a"bh |
o / o I
a
U =ipf /
& 1
A L=l
oI
8, 6’} L
&
5 e
6 e
A
ﬂhi U =y x
!
0
I
A

Puc. 97. CxemMbl K pacueTy BEHTHJISIIIHOHHOTO IPeHAKa TPAHIIEHHOTO (4) U TUIACTOBOIO ()
THIIA

1 - apeHaxkHast TpaHIIes; 2 - APEHaXHAs! [TOCTeNb; 3 - 3aLIUIIAEMOE COOPYIKEHHUE

Pacder mons Biarocoaep>kaHus B 30HE JACHCTBHS JApEeHaXa W MPUTOKA BJIard B JPEHAX Ha
eAMHHUILY €€ JUTHHBI (| TPOU3BOIUTCS 1O (hopMyIiam:

—_ Fmm 20 P = o4
7= i B :4ZZSIHIL{JSIHILEMZX
L{n_

- fl el Hully
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_ f=ooin 4 X
X @ity ;) exp (~ Hge o) + EZ—"}K
B Ay

. h b (1-Z )+, sh 4,z

E

ch s4b (135)
femt=mbitos
g = oL ZZ ( ﬁm )@iuu,uﬂﬁxp( ﬁ*rm:'fn
el el
Lm(uz_l)(l ch z'f’-rs-,‘-z:':'
el ) _ (136)
= 1+ cos M 5. _ oy Tu
i - 1- _ FmTd 2; - K .
iy, i0y) =1, (1 —cos p,) —,{-fi"'bjﬁ-fi_ﬁm u ”—x -y
Ly — U -
ug_g v k=2k 1 =
By "I, 2

Bl Rl 2=zl f = Dl =l B

U - BIarocojep>kaHue TpyHTa, KI/KT; Up - HA4aJbHOE BJIATOCOJCPKAHUE; Up - BIArOCOJCpKAHUE
IpHU TIOJHOM BOJOHACHIIIEHUH, Uy - PABHOBECHOE BIArOCOMAEPIKAaHHE; Uy - BIArOCOICPIKAHUE
IPO/yBAEMOTO Uepe3 APEHAKHBI CIIoi Bosayxa; D - kos(duument mubdys3un Bmaru, M2/C; pp -
IUTOTHOCTE CKEJeTa IPYHTa, KI/M-.

5.29. BeHTWIAUMOHHBIA JpeHax IuiactoBoro Tuma (puc. 97, 6). Pacuer mnons
BJIarOCO/ICPKaHMs, TPHUTOKA BOABI B JPEHY Ha EAMHUIY JUIMHBI ( M CpPEAHSAS BEJIMYMHA
HCIapsieMO BJIATH C €IMHUIIBI TOBEPXHOCTH [ M/C, IPOU3BOMAATCS 1O (GOpMYIIam:

B=z+ zmi Sm;{m_f[ﬁu + (-1 — )] EXP(_.-”:J?TJ:'; (137)
M=l "

- - B2 114 2N, + (-0 -] exp (2 A b
] ;[”u (-5 (- &)l expl— 4,000 & (138)

T2 D, + " (- <l - enp (42 A
0wl (139)

Jns obnerdenus pacueroB no ¢gopmynam (135) - (139), B koTopsie BXOIAT OCCKOHEYHBIC
psaabl, B mpwi. 15 - 17 mpuBeaeHbl NporpaMMmbl CYETa, COCTABIEHHBIC MJISI HACTOJIBHBIX
MUKpOKAJIBKYIATOpOB Tuma «nekrtpoHuka» b3-34, MK-56, MK-54, npuueM nporpammsl ajs
pacueToB ciaraeMbIX (OpMyJl, 3aBUCAIIMX M HE3aBUCSIIUX OT BPEMEHH, JlaHbl OTAENbHO. Ilpn
pacueTe HEYCTAaHOBHUBIIETOCS TIpolecca HEOOXOAUMO CYMMHUPOBATh pe3yibTaThl —cueTa
OTJIENBbHBIX CIAaraeMbIX.

OmnpeneneHnre MOHMXKEHHOTo mnosiokeHUuss YI'B mpu paboTe BEHTWISIIMOHHOTO JpeHaxa
OCYILECTBIIICTCSI METOAOM IOCJIEIOBATENbHBIX MNPUOIMKEHUH MO0 BEIMYMHE WHTEHCHUBHOCTH
UCIIApEHUsl @ C MOBEPXHOCTH IPYHTOBBIX BOJ. /L1 3TOro BHavajie Mo M3BECTHOMY IOJIOKEHUIO
YPOBHSI TPYHTOBBIX BOJ C MOMOIIBI0 (hopmynsl (139) ompenensior BeIMYMHY MHTEHCHBHOCTH
UCTApEHHUs. C IOBEPXHOCTH TPYHTOBBIX BOJ . 3areM 1O (opMmylam, NPUBEAECHHBIM B
IPEIbIAYIINX pa3/ieiaX, pacCUUTHIBAIOT HOBOE IOJIO)KEHHUE YPOBHSI TPYHTOBBIX BOJ C YYETOM
ucnapeHus. Jlamee IOBTOPAIOT pacdyeT HWHTCHCHUBHOCTUM HCHAPEHUS I W3MEHHBILIErOCs
nojoxenus YI'B mo Tex mop, moka OH HE CTaHET 3aMETHO M3MEHATHCS (OOBIYHO 3TO BTOPOE,
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pexe - TpeTbe npudmpkenue). [locie 3Toro HaxoIAT BIarocoaep:kaHue B XapaKTEPHBIX TOUKAX
u (X, z, t) u Bmaronputok B apeny q (t).

5.30. [Insg pacyera BEHTHIISIIMOHHOTO ApeHaXKa HEOOXOJMMBI CIIeIyIOIINE UCXOJHBIC TAaHHBIE:

reoMeTpUUYECcKHe pa3Mephl IpeHaka (B IJIaHe U B pazpese);

nosioxkxenue YI'B 10 Havana npoayBKu BO311yXa;

cBoiictBa TpyHTa (KO3 duiment muddy3un Braaru, KodbduIHEHT GUIBTpaIUH,
KO3 QHUIKMEHT BOIOOTAAYH, PAaBHOBECHOE BIIATOCOJCPKAHUE, BIArOCOAEPKaHUE B COCTOSHHH
MOJIHOTO BOJIOHACHIIIEHHUS, BIarocoepaHue B €CTECTBEHHOM COCTOSIHUN).

I'eomerpuueckue pasMepbl JApeHaXka OIpeleNsioTcs KOoHQUrypamuei u —pasMepamu
3aIUIIAEMOT0 COOPY>KEHHUSI, TPUUEM 3ariIyOJieHue IpeHaka peIko mpeBbIaet 3 - 4 M.

3a HavanpHoe nonoxeHne YI'B cinemyer npuHumate YI'B B MOMEHT OKOHUYaHUs
cTpouTtenbeTBa. CBOMCTBA IPyHTA ONMPEIEISAIOT M0 Pe3ysibTaTaM M3bICKAHUN WUJTU JIUTEPATyPHBIM
JTAaHHBIM.

B kadecTBe PAaBHOBECHOIO BIAroCOACp)KaHHs U, MPUHMMAETCA BIAroCOAECp KaHUE,
COOTBETCTBYIOIIIEE THTPOCKOMMYECKONW BIAXXHOCTH, KOTOpas, B CBOIO OYepeab, 3aBUCHT OT
OTHOCHUTEJILHON BIIQXXHOCTH Bo3ayxa. OmpenensieTcss oHa MO HM30TepME JeCOpOIru (CYIIKH)
TPYHTA, MOCTEIHSAS CTPOUTCS MO Pe3ysbTaTaM JIa0OPaTOPHBIX ONpPEACTICHUNH THUTPOCKOMUYECKOM
BJIQXKHOCTH TIPU PA3JIMYHBIX 3HAUEHUSX OTHOCUTEIHHOW BIIAYKHOCTH BO3/1yXa.

Koaddunment auddy3un Braru D onpenensercs mo HaHHBIM MOJEBBIX WA J1a00OPATOPHBIX
9KCIIEPUMEHTOB, IIPU OTCYTCTBHHM UX OH MOXXET ObITh MPUOIMKEHHO paccuuTaH 1o ¢dopmyie

[20]
_ 17 107(T /10000
1-3222 "n=64-118;n,= 10,

0

T - abcomoTHas Temmneparypa, K; U - Binaroconepxanue, KI/Kr.
st cmabompoHUIIaeMbIX TPYHTOB B JWamna3oHe W3MeHeHus BiaaxHoctu U = 0,12 - 0,25,
koo durment xuddysnn Brarn mensercs B npegenax (0,4 - 1,0) 10° m%/c.

I'MAPOI'EOJIOI'NTYECKHUE PACYHETHBI IHEBMOHAT'HETATEJIBHBIX CUCTEM
OCYHIEHUA I'PYHTOB

5.31. TlHeBMOHarHeTaTeNIbHBIM  HA3bIBACTCS  MPOIECC  OCYIIEHWUS TPYHTAa IyTEM
IPUHYAUTEIBLHON MPOIYBKM BO3/yXa Uepe3 MacCUB IpyHTa. [IHEeBMOHarserareiabHas cHUCTEMaA
OpeAcTaBiIsieT co00M COBOKYNHOCTb BO3JyXOHarHeTaTeldbHBIX M INPHEMHBIX CKBaXHH,
PacIoIOKEHHBIX OIPEICIIEHHBIM CIIOCOOOM Ha OCylIaeMoil TeppuUTOpuH. B OTAENBHBIX Citydasx
IIPUEMHBIC CKBa)XKMHBI MOT'YT OTCYTCTBOBaTb, HAIpUMEpP, IIPH HAJIMYUM €CTECTBEHHBIX WIIU
HCKYCCTBEHHBIX KOHTYPOB APEHUPOBAHUS - OTKOCOB, KOTJIOBAHOB, TPAHIIEH U T.J.

[Tpu HarHeTaHuM BO31yXa B OOBOJHEHHBII I'PYHT Yepe3 CKBaXXHHBI (B IJIACTaXx CO CBOOOAHOM
MOBEPXHOCTBIO YaCTh BO3/1yXa YXOAMT B aTMOC(Epy) BHAUaJe MPOUCXOANUT BHITECHEHNE BOJIBI U3
HauOoJiee KPYNHBIX IOp, 3Ta BOJAA OTBOAUTCS uepe3 MpHEeMHble CKBaXHHbI. [lo ncreueHun
HEKOTOPOr0 IPOMEKYTKAa BPEMEHM [ BBITECHSIOIUN BO3AYX JOCTUIAaeT IPUEMHOW JPEHBI, B
9TOT MOMEHT 3aKAHUYMBACTCs IIepBas CTagusl OCYIIEHUs, T.e. CTagus BbITECHCHHS. B
JanbHEHIIeM TPOUCXOIUT (QUIBTpALKs BO3yXa MO0 TPYHTOBOMY MAaCCHUBY, COIPOBOMKAAIOIIASICS
UCIIAPEHUEM BJIATM M OCYIIEHHWEM IIOp JO0 3HA4YCHMs BJArocojepkaHus, OJIM3KOro K
MaKCHUMaJIbHOW TUIPOCKONMMYECKON BIAXHOCTU. JTa CTaius Ha3bIBaeTcsi BTOpod. Takum
o0pa3oM, Hpolecc IHEBMOHArHETaTEeIbHOIO OCYIIEHUS TPYHTOBOIO MacCUBa SIBISETCA
CTaguHHBIM.
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Cs

05 \

S, e

oy

0

0,5 15

Puc. 98. I'paguk 3aBHCHMOCTH OTHOCHUTEJBbHON NPOHHUIAEMOCTH I BO3AyXa Cs OT
BOJOHACBHIILICHHOCTH

HarnerarenpHble ¥ NpUEMHBIE  CKBRXHHBI  JOJDKHBI ~ OBITh  THIPOJUHAMHYECKH
COBEpILECHHBIMH, B TUIAHE OHU MOTYT pacIioyiaraTtbCsi pa3iuvHbIM criocobom. OmHako Hanbosee
[EJIeCO00Pa3HOM SIBIISIETCS TMHEHHAS U KOJIBIIEBasi CXeMbI. B IepBOM cilydae OHU MPEACTaBISIOT
JWHEWHBIC PSIbl HarHETAaTENbHBIX M TPUEMHBIX CKBaXKWH, KOTOPBIE TpU (HIBTPAIIHOHHBIX
pacderax IOMYCTUMO paccMaTpUBaTh Kak rajeper. Bo BTOpoM ciiydae BOKPYT HarHETaTeIbHOM
CKBa)XHHBI TI0 KPYTOBOMY (UM OJIM3KOMY K HEMY) KOHTYPY pacrojiaracTcsi CHCTEMa TPUEMHBIX
CKB)KHH, KOTOPBIE TAKKE MOTYT pAaCCMaTPUBATHCS NP pacyeTe KaK KOJbIIEBas Tajiepes.

5.32. PacueTHble 3aBUCUMOCTH JUIsI THEBMOHATHETATEIILHBIX CHCTEM OCYIICHUS JTMHEHHOTO H
KOJIBIICBOTO TUIIOB MPH 3aKayKe BO3JyXa C MOCTOSHHBIM JABICHHUEM py MPUBEACHBI B Tabm. 29.
dopMyIbl A1 HATHETAaHHUS BO3JyXa C MOCTOSHHBIM PAacXOIO0M HE MPHUBOMISITCS, TaK KaK TaKOW
peXuM paboThl CKBAXKUH MAJIOBEPOSITEH.

[Ipu pacuerax mo QopmynaMm, TpUBEACHHBIM B TaOy. 35, HEOOXOAWMBI MPOHUIIAEMOCTH
miacta ¢, M°, (pa3oBble IPOHMLAEMOCTH ULl BO3AyXa 3a (DPOHTOM BBITCCHCHHS Cs U B KOHIIC
BTOPOW CTagWH OCYIIEHHS ck. [IpOHMIIaeMOCTh IUTaCTa MOMKET OBITh IEpecYWTaHa IO €ro
K03 PUIUEHTY (UIBTPALUU C UCIOJB30BAaHHEM COOTHOIICHUs C = Kv/Q; 3HaueHus (a30BbIX
NPOHMIIAEMOCTEH ¢s M ¢k CHHUMaroTcs u3 rpaduka ¢ = f (S), mpuBenennoro Ha puc. 98, mo
BEJIMYMHAM OCTaTOYHOUN HACHIIIICHHOCTH 32 (DPOHTOM BBITECHEHUS Socr M B KOHIIE BTOPOM CTaIuU
ocymeHus Sx. Pacder HaCBIIIEHHOCTH 1O M3BECTHOMY BJIArOCOJIEPIKAHHIO TPOU3BOJUTCS IO

dbopmyre
5= (1-n)u/(np), (144)

rae [§ - TUIIOTHOCTH CKeneTa rpyHTa, Kr/M°, [§ - MIOTHOCTH MOABI, KI/M°; N - TOPHCTOCTH
TPYHTA; U - BIArOCOJIEpKaHue, KI/KT.
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TEPPUTOPHIX

Taonuma 29

PacueTHas cxema

Xapakrep
TEPPUTOPUHU

Pacuernas popmyna

Ne

dopmyn
bl

JABYXJIMHeHbIH coBepLIEHHbIl TOPU30HTAJILHBIN JpPeHaK

3acTpoeHHas

(140)

Heszactpoenn
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_ e chal
H
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T # Dy
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sh AL ™= H

_ cMp.
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Ix

_ oM chAL

_ cepil
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(141)

sh AL’

HarneraTeJibHasi CKBa)KHHA ¢ KOJbLEBOH NMPUEeMHOi

3acTpoeHHas

JpeHoM

(142)
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Vcnosusie o603uauenus: [/= cul (Csitr) - KOOPPHUIMEHT MOABUKHOCTH, C - IPOHHUIIAEMOCTH TUIACTA,
M% ¢ | ooy - (a30BBIC TPOHUIIAEMOCTH BO3IyXa TPH HACBIIEHHOCTH Soer M Sgons Oy - M3OBITOUHOE JaBIICHHE
HarHetanus, [la; T - npomomkwurenbHOCTh | craguu (BpeMsi BBITCCHEHUS), (ig;,. Qg - pacxom Bo3ayxa U3
HATHETAaTeJIbHOM NpeHkl (Ha 1 M JUIMHBI) ¥ HarHETATeIbHON CKBAXXHMHBI B KOHIE | cTtaaumy, MY/ (c'™m), Ms/C; U2sr Qo -

10 e B konue I craguu: i, Q1 - IPUTOK BOJIBI B IPUEMHYIO APECHY B HA4aNbHBI MOMEHT HArHETaHHS, M/ (c-M),
mc; Oozr Q25 - TO %€, B KOHIIE I cTamnu.

B kadecTBe OCTaTOYHOTO BIAroCOAEPKaHUS Uyey MOXKET OBITh MPUHSATO BIIATOCOJACPIKAHUE,
COOTBETCTBYIOIIEE MAKCUMAJIBHON MOJIEKYJISIPHOM BIarO€MKOCTH, a B KOHIIE BTOPOM cTaauu Uy -
MaKCHMaHBHOﬁ I‘I/IFpOCKOHI/I‘-IHOCTI/I.

IMPOTEOJOTHYECKUE PACYETHI TOPM3OHTAJIBHBIX BAKYYMHBIX
JIPEHAJKEN

HcxoaHblie MOJI0KeHUS

5.33. B oOmem ciyyae mpu paboTe BaKyyMHOIO JpeHa)ka BBIICNIAIOTCS [Ba OTara,
COOTBETCTBYIOILIME ABYM PEXHMMaM palOThHI - 3aTOIUIEHHOMY, T.€. JI0 MPOpbIBa aTMOC(HEPHOro
BO31yxa B Apeny (puc. 99, a) u He3aTOIIECHHOMY, KOT/Ia B IPEHY HapsIy C BOJOW MOCTYHAET U
atMocdepHsiii Bo3ayx (puc. 99, 6). Pacuersl BakyyMHOTO JpeHa)ka BBIMOJHSIOTCS C YYETOM
ITHX ITANoOB (GUIBTPAIUH.

[Tpu paboTe BakyyMHOTO JApEHa)ka OTPHUIATEIILHOE H30BITOYHOE TABICHUE Pysg = (P - par) < 0
UMEET MECTO HE TOJBKO B IOJIOCTU JPEHBI, HO U B HEKOTOPOH 30HEe BOKpyr Hee. IloaTomy
HEOOXOJUMO BBECTH YETKOE OIpeAeNieHHE TMOHATUS «IIOBEPXHOCTh TPYHTOBBIX Boa». Ilon
MOBEPXHOCTHIO TPYHTOBBIX BOJ Jajiee MOHUMAETCS MOBEPXHOCTH 30HBI IMOJHOTO HACHIIIECHUS
TPYHTOB BOIOK, Ha KOTOpoi S = 1 (S - BOOHACKIIIIEHHOCTD), OPJMHATY 3TON MOBEPXHOCTH HaJI
TOPU30HTAILHBIM BOJIOYIOpoM 0003HauuM depe3 H (X, y, t). [ToBepxHOCTh, Ha KOTOPOii
JaBJICHWE PaBHO aTMOCPepHOMY (p = pu WIH pye = 0), HaszpiBaeTcs (ppearndecKoi
MOBEPXHOCTHIO U 0003HauaeTcs yepes h (x, Y, t). [Ipu npeHeOpexeHnn KanWUISIPHOW 30HOM 110
Hayaja paboThl BAKYyMHOT'O JpeHa)ka (peaTudeckasi MOBEPXHOCTh COBIAJAET C MOBEPXHOCTHIO
rpyHTOBBIX BoA (cM. puc. 99). [Tocne BKIIOYEHHS BaKyyMa B JPEHE TH MOBEPXHOCTU B OOIIEM
HE COBMAJAIOT IPYT C JAPYTrOM - TMOSBISIETCS 30HA, B KOTOPOH XOTS puss < 0, HO uibTpanus
MPOUCXOIUT C TONHBIM HackimenneMm (puc. 99, a, 6). MOIHOCTh ATOW 30HBI 3aBHCHT OT
BEJIMYMHBI U30BITOYHOTO JaBICHUS U paBHA Hys6 = puss / (029), TI€ 02 - TUIOTHOCTH BObI. Takum
o0pa3oMm, TMpu BaKyyMHpPOBaHHHM JIp€H TOBEPXHOCTh TPYHTOBBIX BOJ HAXOJUTCS IO
COOTHOILICHUIO

H=h+Hyus=h - pus/ (09). (145)

Puc. 99. Cxembl K pacuery puiabTpauuu K rOPU30HTAIBHON IPeHe NMPU BAKYYMHPOBAHUM
HA NMepPBOM (@) U BTOPOM (0) 3Tanax

1 - mOBEPXHOCTH TPYHTOBBIX BOJ A0 paboThl JpeHaxa: 2 - (pearnueckas [OBEPXHOCTh NPHU paboTe IpeHa)ka, Ha
KOTOPOii p = p,;; 3 - MOBEPXHOCTH TPYHTOBBIX BOJ MpHU paboTe apeHaxa (S = 1); 4 - apena

C y4eToM KanuJUIIPHBIX CBOUCTB rpyHTOB (popmyina (145) npuHUMAET BUT
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rae Hy - spdexruBublii kamuuispusiit vamop, Hy = [, npudem hy - MakcumasbHas BelTMurHa
KamUIIPHOTO MoabemMa B gaHHOM rpyHTe; o = 0,1 - 0,2 (Gospiive 3HAYEHUS ¢ OTHOCSTCS K
0oJiee KpYITHO3EPHHUCTHIM ITPYHTaM).

Benmuunna H,;s HaxoauTcs MyTeM peLICHUs 3a7a4dd O MPUTOKE BO3jayXa B JpeHy, h - u3
pelIeHus 3a1a4y IPUTOKA BOJIBI.

5.34. Ilpu pacuere BaKyyMHOTO JpeHaka HEOOXOJMMO 3HATh CJEAYIOIIHE MapameTphl
BOJIOHOCHOT'O TUIAcTa - KO3 PHUIMEHT PUIBTPALIH, OTHOCUTENbHYIO ((ha30ByI0) MPOHUIIAEMOCTD
JUTS1 BO3MLyXa Cp, BHICOTY KAMJUIIPHOTO MOAHATHS Ny, BOJOOTAaYY N, KOTOPBIE OMPEACISIOTCS 110
pe3yabTaTaM CIeHUAIbHBIX OMBITHO-(DUIBTPALIMOHHBIX paboT.

Jlnst npuOIMOKEHHOM OIEHKHM BOJOOTAAYM 71 U BBICOTHI KAMUIAPHOTO MOAHATHS Ny MOXHO
BOCIIOJIb30BaThCsl B TIEPBOM NPHOIIKEHNH rpadukaMu, npuBeAeHHbIMUA Ha puc. 100. da3oBas
MPOHUIIAEMOCTh ISl BO3yXa Cp B 3aBUCHUMOCTH OT HACBIIIEHHOCTH MOPOBOT0O MPOCTPAHCTBA
BOJI0M Haxoxutcs mo puc. 98. B kadecTBe HACHIMIEHHOCTH S B MEPBOM MPHUOIMIKEHUH MOXKET
ObITh  MPHUHSTA  HACHIIIEHHOCTb, COOTBETCTBYIOLIAS  MAaKCHUMaJbHOW  MOJEKYJISPHON
BJaroeMKkocTu. [yt Gojiee TOYHOTO ompeneneHus: Co Heo0X0AUMO 3HATh BEMYMHY BaKkyyma B
MPUAPECHHON 30HE, a 3aTeM MO0 KPUBOM KaMWIISIPHOE JaBJIEHWE - HACBHIIIEHHOCTH [D1] Haiith
COOTBETCTBYIOLIYI0O M3BECTHOMY BaKyyMy HACBHIIIEHHOCTh S. B cBowo ouepenp, pacuer
HACBHIIIEHHOCTH 110 M3BECTHOMY BJIAarOCOACPIKAHUIO IPOU3BOIUTCS 10 hopmyie (144).

n
03 o
#
_‘,.n""
./""H
L
by M A
o2l o |.u
ar /
it \ /
< o
5
L‘\ f’_ﬂ—" r
zl- n...1 ol '—....._.p--
n __'_,...'!p-
- ]
1+ l--""—.‘."-'-‘r-' """"u..__
mollg
I. ] Ay
0 0 ]
001 003 0,1 0,5 1 ? 3 ] 10 0 ap so WO
W, mleyr

Puc. 100. OpueHTHPOBOYHbIE 3HAYEHHUSI BHICOTHI KANMJUIAPHOTO MOTHSITHS TPYHTOB hy m
BO0OT/AAYH N

[Ipn pacuerax BakyyMHOro ApEeHaka CUMTAETCS, YTO B JAPEHAX BCE BpEMs IMOAJEP/KUBAETCS
BaKyyM pDs.
Pacuyer BakyyMHOro JpeHaska npu padoTe B 3aTOIVICHHOM peKHMe

5.35. 'maponrHaMuueckas cxema Jjisi pacdeTa BaKyyMHOTO JPEHaKa B 3aTOTUICHHOM PEXUME
npencrariena Ha puc. 101. 3agaua pacdera 3aKIIFOUaeTCs B OMPEICICHUH MPOJOIKUTETEHOCTH
ATOTO 3Tara, MOJ0KECHUSI CHIKCHHBIX YPOBHEH M MPUTOKA BOJBI B JpeHaX. Bo3myxompuTok Ha
JTAHHOM 3Tare OTCYyTCTBYET.

Cxema COBEpIIEHHOTO TOPU3OHTAJIBLHOTO BakyymMHOro apeHaxa (puc. 101, a). Pacuer
MOJIOKEHUST CHUKCHHOTO YPOBHS TPYHTOBBIX BOJI H, TMPOJOIDKUTEIBHOCTH 3aTOIJICHHOTO
pexxuma paboThl IpeHaxka 7 W TOJIHOTO MPUTOKA BOABI B JPEHY Ha CIUHHIY €€ JUTHHBI (
IPOM3BOJATCS 110 popmynam:
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TEPPUTOPUSX
H =he - (he + Hyp - hyp) 611 (X, fo); (147)
T=?z(.33£+Ha —M)]n h, o+ H, —M;
k fet Hy iy (148)
BEM
q= L (he+ Hy-M)6bs (fo). (149)

3neck & = x/L; fo = kMt/nt?; H, - Benuunsa Bakyyma B mpeHe, (B M. Bog. ct.); L4 (fo) u 611 (X,
fo) - cneunanpHble QyHKINYU, TpagUKKH KOTOPBIX NIpeACTaBiIeHbI Ha prc. 69 u 102.

]
TR PP, PP, \re T AL

. W .
N
e = oy -'._

o * o -
=, . s # . e

g
T PRy ]

T L " =

T VT

Puc. 101. Cxema k pacyery COBEepPHIEHHOIO (¢) MU HECOBEPIIEHHOI0 () TOPU3OHTAJIBLHOIO
BAKYYMHOT'0 IPEHAKA NPHU 3aTOMJIEHHOM pesKuMe

1 - npeHa; 2 - ypoBEHb IPYHTOBBIX BOJI 10 Pa0OTHI IpeHaxa; 3 - TO ke, Ipu paboTe npeHaxa

Pacuer HecoOBepIIEHHOTO0 TOPU3OHTAIBHOIO BaKyyMHOro mapeHaxka (puc. 101, 6) T.e.
OIpeIeNIEHNE MOJIOKEHHsI CHUYKEHHBIX YPOBHEH, POMOIIKUTEIBHOCTH 3aTOIVIEHHOTO PeXUMa U
IPUTOKA BOJBI B IPEHAX MPOU3BOAATCS 110 (GOPMYyIaM:

H = he - (he +Hs - M) 3 (£, Bi, fo) (150)
nr Hy =) | M Hy

= 2 PR RTAR L (151)
QM (b, + H,y ~ i)
q= L Bi[1- 6 (0, Bi, fo)]. (152)
3necy % = X/L; fy = kMt (nL?); Bi = L/ (2®,); £ (%, Bi, fo) - dyHkuus, rpadux KOTOpOii
npuBeneH Ha puc. 71; @y - QUIBTPAMOHHOE COMPOTHBJIECHHE HA HECOBEPIICHCTBO,

oTpeieieHue KOTOpOro mpou3BoauTcs 1o popmyie (62) unu (63).

Pacuer Bpemenu mpopeiBa Bo3ayxa B npeHy mo (opmyne (151) mpousBoauTcs mo MeTomy
UTEepalni, TPUYEeM 32 Ha4aJIbHOE MPUOIIMKEHUE dTOTO BpeMeHHU 7' MPUHUMAETCS 3HAUCHUE €0
JUIS COBEPIICHHOTO JpeHaka, HaiiaeHHoe 1o dopmyne (148). 3arem mo nHaiineHHOMY 7'
Beraucisiercst T = kMT' / (nL?), no rpaduky Ha puc. 71 onpexemsiercst 2 (0, Bi, fo') u mo (151)
BbluMcCIsAeTcss HOBoe 3HaueHue 71". Ecnmu T' u T" cymiecTBEHHO pa3jiuyHbl, TO BBIYUCICHUS
MPOJIOIKAIOT JIO TEX MOP, MOKa pacyeTHBIE 3HAUeHHs 1 OyayT Majo OTIUYAThCS JPYT OT JIpyra.

Dopmyssl (150) - (152) crpaBemnusl mpu M/L [10,2, 94to nMeeT MeCTO IpaKkTHYECKH BCET/IA.
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Puc. 102. I'paduk pynkuun &y (¥, o).

Pacuernbie 3aBucumoctH (147) - (152), ctporo roBopsi, CipaBeUIMBbI JJIsi CHCTEMATHUECKOTO
JIpeHa)ka, HO MOTYT ObITh MPUMEHEHbI M MpPU pacueTax JApeHaked OPYruxX THUIIOB, HANPUMED
KOJNBIICBBIX, ABYXJMHEWHBIX # T.0. OgHaKo B O3TUX CiIydasx BMecto L HeoOxommmo
UCIIOJIb30BaTh MHOW XapaKTepHBIM pazMep obOnactu (QUIbTpallMu, HAPUMEpP: AJs KOHTYPHOTO
JpeHaXka - MPUBEICHHBINA PagryC KOJbIa, O0EPETrOBOTO - PACCTOSHUE IO PEKH, IBYXIMHEHHOTO -
MOJIOBUHY PACCTOSTHUS MEXY TPEHAMHU.

PacuyeTr BakyyMHOI0 rOpM30HTAJIBHOIO IPeHAKa IPH padoTe B HE3aTONJICHHOM pesKuMe

5.36. Bo BTOpYyI0 cTramuio GuibTpallik B APEHBI TMOCTYMAIOT Kak BOAA, Tak U Bo3myX. Kak
NpaBUiIO, B MOJOOHOW CHUTyallMM TNPOJODKUTENBHOCTh MEPBOM CTaguu (QUIBTPALMH - 10
IpOpbIBa BO3IyXa - Maja [0 CPAaBHEHHIO CO BTOPOW, M MPHU (HIBTPAIMOHHBIX pacderax ero
MOXHO HpeH66pe‘-Ib. (DI/IJ'H:TpaI_[I/IOHHBIe PACUCTBI MPOBOAATCA € LSO OIPCACICHUA MTPUTOKOB
BOJIbI, BO3/1yXa, ITOJIOKEHUSI CHIYKCHHBIX YPOBHEH M MEXIPEHHBIX PACCTOSIHHA.

Ha ¢wnbrpanuio Bo3gyxa K JpeHaM CYIIECTBEHHOE BIHMSHHE OKAa3bIBA€T TEXHOJOTHS
00paTHOM 3aCBINTKK TPAHIIIEH, B KOTOPOU YIOKEHBI TPEHAKHBIC TPYOHI.
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Puc. 103. CxeMbI K pacyeTy NPUTOKA BO3AyXa B BAKYYMHBII JpPeHaXK Mocje ero npopbiBa
NP HAJIUYUH (@) M OTCYTCTBUM (0) 32aIIMTHOT0 IKPaHa

1 - Bakyym-apeHa; 2 - peaTuyeckasi MOBEPXHOCTh; 3 - YPOBEHb I'PYHTOBBIX BOJ; 4 - 3alMTHBIN 3KpaH; 5 - THMHUM
TOKa JUIS BO3/1yXa
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fga = Faa'Ma
Puc. 104. I'padgux pynkoun ¢ (7) Puc. 105. I'padpux pynkuuu @, (7)

Haunbonee 1menecooOpa3Ho TMociae YCTpPOWCTBa OOCHINIKK JpPEHAXHBIE TPYObI MPHUCHITIAThH
CBepXy I'pyHTOM Ha BbICOTY 30 - 40 cM U ymIoTHUTH ero. Ha mpuchinaHHbIi TPYHT HEOOX0IMMO
YJIOKUTh NOJMATUIEHOBYIO IIJIEHKY (9KPaH), a 3aTEM OCYLIECTBUTH MOJIHYIO OOPaTHYIO 3aChIIKY
TpaHIIe! BEIHYTHIM rpyHTOM (puc. 103, @). B 3ToMm ciaydyae mpuToK Bo3ayXa B APEHY HA €AHUHUILY
€€ JUIMHBI ONPEIENsIeTCs] 3aBUCMOCTBIO

4 2
4. = Sy Pa " Py o
= -"5'{1 pu‘ Mx

rze Iy - BBICOTAa YAaCTH JPEHBI, JTOCTYIMHOH Uil BO3ayxa; M, - pacCTOSHHE OT HMOBEPXHOCTH
3eMJIH (T/I€ TaBJICHUE PaBHO aTMOC(HEPHOMY) JI0 LIEHTPa APEHAXHON TPYOBI; ¢o - IPOHUIIAEMOCTb
rpyHTa ams BO3;yxa, M°; [ - KOS((HIMEHT IMHAMHUYECKOH BS3KOCTH BO3IyXa, DPp -
abCOIIIOTHOE AABIICHHE BO3AYyXa B MOJIOCTH JPEHBI.

I'padux Gyukiuu ¢ (ry,/M) npencrasied Ha puc. 104.
Ecmm »xe oOparTHas 3achillka TpaHIIEH OCYyIIeCTBICHa 0e3 TpaMOOBKHM U YKIJIaJIKH
MOJIUATUIICHOBOH IIJICHKH, TO

2 2
&y Po P 1
06850 = T .
=T o g 221
i (153)

[Ipu ¢unpTpanum Bo3ayxa Ha MOBEPXHOCTH TPYHTOBBIX BOJ JIaBJIeHHUE OyJIeT MEPEMEHHBIM U
MeHbIIIe aTMOCchepHOTro. B0k 3TO# MOBEPXHOCTH OHO MOXKET OBITh pacCUYUTAHO 1O (hopmyJie

P1 = Par - (Par- pnp) (123 (XIM,). (154)

I'padux pysxmm ¢, (X/M;) npexacrasinen Ha puc. 105. ®opmyna (154) mokassiBaeT, 4To
B/I0JIb IOBEPXHOCTU I'PYHTOBBIX BOJI JABICHHE MEHSIETCS OT Py, BOIU3U APEHBI IO Par BAATH OT
HEE. CpezLHee S3HAYCHUC MOAaBJICHUS Ha IMOBCPXHOCTU TIPYHTOBBIX BOJ PaCCYHHUTHIBACTCA I10

bopmyie
Picp = Par = 0,507M; (Par - Pay) /L.

Pacuersl ¢unbTpanny Bo3IyXa K KOJIBLEBOMY BAaKyyMHOMY IPEHaXy ITOKa3bIBAIOT, YTO
pa3mepsl U popma 061acTu GUIBTPALUHN BO3AyXa ¢1a00 BIUSIOT HA IPUTOK €ro K IPeHaM.
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OnpenensiroiMMM XapakTepUCTUKaMM I IMPUTOKA BO3JyXa SIBIISIFOTCS BEIMYMHA BaKyyMa,
MOIITHOCTh 00J1acT! (QUIIBTPALIMU BO3IyXa U JHAMETP APEHBI, TI€ CO3/1aeTCs BAKYYM.

[TpuTOK BO3/MyXa K KOJIBLIEBOMY JIPEHAXKY PATUyCcOM Ig IPU HAJTMYUU SKpaHa HaJl JPEHOH (CM.
puc. 101, a) onpenensieTcss 3aBUCUMOCTBIO

2 _ 12
Cﬂ.pﬂ pap

st = 2‘??'!] — —Qﬂ:f;ﬁ "IIME:I;
H Py (155)
a IpH OTCYTCTBUU dKpaHa (cM. puc. 101, 6)
2 _ 2
. 1
0. =136, 20 Dx P |
Mo Py B(L2TM R (156)

Pacnipenenenue naBineHus Bo3lyXa Ha MOBEPXHOCTH TPYHTOBBIX BOJ IIPH pabOTe KOJBIEBOTO
BaKyyMHOI'O JpeHa)ka paccuuThiBaeTcsi mo ¢opmyne (153), B KOTOpyr0 BMECTO X CTaBHUTCA
BenmunHa (I - ro) s BaemmHei 30H61 (I Lrg) u (r - ) wis BHyTpeHHei 30HbI (I < o).

5.37. Kak yxe yka3blBaJloCh, MOBEPXHOCTb T'PYHTOBBIX BOJ NpPU BaKyyMHUPOBAaHUH JpEH
onpenensiercs o ¢opmyie (146). Benuunna H,s, BXOIAMIAS B 3Ty (POPMYITy, pacCUNUTHIBACTCS
no ¢opmyie

[ ¢
_ M.

Hyus = Hy ©p z} (157)
rae &= X s TMHEHHBIX ApeH (OMHOJUHEHHBIX, IBYXIMHEHHBIX, CHCTEMAaTHUeCKuX) U E=| I - I
| LISt KOJTBILIEBOTO IPEHAXKA.

Hamop h (X, y, t), Bxoasmumii B cootHomienue (146), onpenensiercst 0 MPUBEICHHBIM paHee
3aBHCHMOCTSIM C 3aMEHOM, B HUX BeIMYUHBI Ny, HA Nyp - Ho.

Takum 00pa3oMm, MNpH BaKyyMHPOBAHWU TOPU3OHTAIBHOTO JpEHaXa IS TOJOKCHHS
MOBEPXHOCTH TPYHTOBBIX BOJI MOJTy4aeM

¢
- Af
H=hXyt)+H, o, \ "2} + H,. (158)
Tak, Hampumep, Uil pacdyeTa IOBEPXHOCTH TPYHTOBBIX BOJ MPH BaKyyMHpPOBaHUU
JBYXJIMHEWHOTO HECOBEPIIEHHOTO JPEHAXka, pa60Ta10Luer0 B OJTHOCJIOMHOM ILJ1acTe (CM. puc. 64,
6) npu M = 0, ¢ yuerom popmyn (157), (158) u (72) nomyuaem:

Hy=H, +Hx‘?%[bﬂ;x] +
3

+J?zf—%{fi +xt -, pixiE,

e

Hy=H, + HE{;:F[;B] +
[

+J?zf —E(fu —B+x) Y BLx B+
k ) (159)

L= S - Oy = H 1 @200,
Ly

[Tputok BOJBI B IpeHaX pacCUUThIBAETCA 10 GopMyJiaM, IPUBEIEHHBIM paHee MyTeM 3aMEHbI
hyp Ha (Nyp - Hy).
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IT'MJIPOT'EOJIOI'NMYECKHUE PACUETHI BEPTUKAJIBHBIX I[PEHA)KEFI
OcHOBHBIE OJIOKEHUS

5.38. BeprukanbHble ApEHAXXH NPUMEHSIOTCS JJs OCYLIEHHs BOJOHOCHBIX IIJIACTOB,
IIPEJICTaBICHHBIX XOPOLIO MPOHUIIAEMBIMH ITOPOAAMH.

B 3aBUCHMOCTM OT KOHKPETHBIX YCJIOBMM BOJONOHMIKAIOLIME CKBAXKUHBI MOTYT
pacrosiaratbCsi MPOU3BOJIBHBIM 00pa3oM, IO ONpPEIENEHHOW CEeTKe WM 00pa3oBBIBAIOT
YIOPSAOYEHHBIE CUCTEMBI - JIMHEIHBIE, KOJbLEBbIE. [Ipy HaIMUUM KOHTYpOB C NOCTOSSHHBIMU
HalopaMu MM TOCTYIUIEHUH CBEPXY HH(DUIBTPALMOHHOTO MUTaHMUS (QUIbTpaLUs sBISETCA
CTallMOHAPHOM, B OCTAJBHBIX CIy4asx - HecTanuoHapHOW. [Ipu HecTammoHapHOW (QuIbTpauu
CKBaXHMHBI MOTyT paboTaThb KaK IpPU pPEeXHUME IOCTOSHHOIO IPUTOKA BOJBI, TaK M IpH
IIOCTOSIHHOM ypoBHE. BTopoii pexum sBisercss 0ojee XapaKTepHBIM Il BEPTHKAIBHOTO
JpEHaXka Ha MOATOIUICHHBIX TEPPUTOPUSIX.

5.39. BonmoHOCHBIE TOPHU30HTHI, KaK IPABWJIO, MMEIOT OJHOCIOWHOE WJIHM JABYXCJIOHHOE
crpoeHue. [lpu AByXCIOWHOM CTpOEHMHM IJacTa B IOJABISIONEM OOJBIIMHCTBE Ooee
NPOHHUIIAEMBIM  SIBIISICTCS HIDKHMKA CJOH, a CBOOOAHAs TOBEPXHOCTh TOA3EMHBIX BOJ
pacrosiaraercst B mpejeiax Bepxuero cinos. Jist puabTparmonHsix pacueto mpu Ko/k; < 25, rae
ko 1 Ky - kO3 uieHTs GUIbTpay MOPO HUKHETO U BEPXHETO CIIOEB, IBYXCIOWHBIHN IACT
IPUBOJAUTCS K OJHOCIOHHOMY ¢ KOG GHIMEHTOM GUIbTpauy Ki U MPHUBEICHHONW MOLIHOCTHIO
h', Beramcisiemoit mo ¢opmyne (64). Ilpu ko/ki > 25 mcmoms3yercs rumoresa Msriesa -
['mpunckoro [35], coriacHo KOTOpOW NpH YCTAaHOBUBIIEMCS JBIKCHHH C WHQWIbTpanuen
MHTCHCUBHOCTBIO @ OpAMHATa CBOOOHON MOBEPXHOCTH B BEPXHEM CJIO€ CBSA3aHA C HAIIOPOM Ha
KPOBJIC HIXKHET0 Topu3oHTa Ny cootHomenuem hy = hoky/ (ky - w).

B crioucteix muacrax, Korja OTHOIIEHHE KO()(OUIMEHTOB (MIBTPALUU CMEXKHBIX CIOEB HE
npeBblmaer 25, ans  (QUIBTPAMOHHBIX PAcYeTOB MOXKET HCIONb30BaThCs MOTEHIIMAT
['upunckoro [4, 5]. Eciu e OTHOIICHUE MPOHUIIAEMOCTEH CMEXHBIX CJIIOEB HE MPEBBINIACT 25,
TO IIPU pacdyeTrax MHOIOCIOMHBIM IUIACT IPUBOAUTCA K OJHOCIOMHOMY C IIPUBEICHHOU
MOIIHOCTBIO (PMIIBTPAILIMOHHOTO MOTOKA Nyyp, oTIpesnensemoii no gopmyse [42]

1=}
Zml %—1
hnp =he+ 1 1 )
I7ie M; - MOIIHOCTh OTJENBHBIX CIO0EB, N - UX KOJIUYECTBO.

Ilpn wucmonp30BaHMM TPUBEIECHHOM MOIIHOCTH IUTacTa B KadecTBE (DMIBTPAIIMOHHBIX
napameTpoB (ko3¢ ¢uIeHT (uIbTpanuy, BOAOOTAAYA M Jp.) NPHUHUMAIOTCS MapaMeTphl
BEPXHETO0 CJI0s, B Ipe/ieaXx KOTOPOro HaXOJUTCsSI CBOOOHASI TOBEPXHOCTh TPYHTOBBIX BOJI.

C wenplo COKpalleHHs 3aluCH PAcUeTHBIX (OPMYN HCMONb3yeM IOHSATHE O HalOPHOM
byukuuu U, koTopas onpenensercs mo ¢opmynam [7, 24]:

AJIs1 HAITOPHBIX IJIACTOB

U=M (h - h); (160)
JUIS TITIACTOB CO CBOOOHON MOBEPXHOCTHIO
U =05 (h% - h?). (161)

3nech M - MOIIHOCTH HAMOPHOTO IUIACTA; N - HAmop MOA3EMHBIX BOJ, OTCUMTHIBACMBIH OT
TOPH30HTAILHOW TOJONIBEI TUIAcTa (B Cllydyae HAIMOPHBIX BOJA) WJIM MOIIHOCTh TPYHTOBOTO
NOTOKa (B CJIydae MOTOKOB CO CBOOOJHOM MOBEPXHOCTHIO); Ne - HAMIOP (MOLIHOCTH) IO PAOOTHI
JpeHaxa, T.€. B €CTECTBEHHBIX YCIIOBHSIX.

B uactHOCTH, Ha CTeHKe JpeHaka (CKBaXHHBI) HATOpHas (YHKLIUS OIpeaeseTcs
COOTHOUICHUSAMH:

AJIs1 HAITOPHBIX IJIACTOB
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U =M (he - hyp) = MSy; (162)
IUTSL TJIACTOB CO CBOOOIHOM IMOBEPXHOCTBIO
U =0,5 (h% - h%;) = 0,55, (2he - Syp). (163)

B aByXcCnoHHBIX Mm1acTax nmpu o> 25 mo h moHumaercst Harmop Mo KPOBJIE HUXKHETO CIIOSL.

I[.H}I HCOAHOPOAHO-CIIOUCTHIX IMJIACTOB BMCCTO MCTUHHBIX MOLLIHOCTGﬁ Mu h HCIIOJIB3YIOTCHA
IPUBEICHHbIE BETUYUHBI.

B OGH.IGM CJIyda€¢ HCCOBCPIICHHLIX II0 CTCICHHU BCKPBLITHA ILJIaCTa BOAOMOHHIKAIOIIUX
CKBa)KMH pacueTHbIE 3aBUCUMOCTHU JUIsl OINpeAeieHHs] MpUTOKa BoAbl Q B KaXIyl0 U3 HHUX U
MMOCTPOCHUA CHUKEHHOU MOBCPXHOCTU I'PYHTOBBIX BOA IMPCACTABIISAIOTCA B BUIC:

Q=4L[RU,,/ (Fc + &); (164)
U = (Q/4LK) (L} + O); (165)

rae @, - GUIBTpPAIIMOHHOE CONMPOTHUBIICHHE COBEPIICHHON CKBaXHHBI, ®; - umbTpannonHoe
CONPOTHUBIIEHHUE, OTHECEHHOE K MIPOU3BOJILHON TOUYKE OCYIIAEMOro IUIACTa; {; - AOMOIHUTEIBHOE
COTIPOTUBIIEHNE HAa HECOBEPILIEHCTBO CKBAXXUHBI; { - TO K€, OTHECEHHOE K MPOU3BOJIHHON TOUKE
Jiacra.

B HEeKOTOpBIX ciydasx, HapuUMep MPHU pacueTe B3auMOJICHCTBYIOIIMX CKBAXKHH, BBIPAKCHHS
JUUIA CDC n cDr HC YI[aeTCH BBIIIUCATH B YI[OGHOM JUIA pacqua BUAC, HOE)TOMy IJId TaKUX CXEM
pacyeTHbIC 3aBUCUMOCTH TIPUBOAATCS B OoJiee 001eM BUIE.

Pacyersl BepTHKAJBHBIX APEeHAKell PU YCTaHOBUBLIeHcs GUIbTPALUT

5.40. YcranoBuBmascss GpribTpaiiis KMEET MECTO MPU HATWYUH JIMHEHHOTO WJIM KPYTOBOTO
KOHTYpa MHUTaHUs, a TAKKE TP MOCTYIUICHUH cBepXy nHmibTpanuu (puc. 106 - 111).

3HaveHus QrIbTpallMOHHBIX compoTuBieHUH ®, nu D, A1 OOJBIIUHCTBA PACUETHBIX CXEM
BEPTUKAIBHOI'O IpeHaxa mpuseaeHsl B a0, 30.

PaccMoTpuM 1ONOTHUTENBHO CIEAYIOUINE CXEMBI.

I'pynna u3 N mpou3BOIBHO PACIIOIOKEHHBIX CKBaXXHH B KpyroBoMm rwiacte (cM. puc. 106, 6).
Pacyer BbIONHSETCS MO METONY CYNEPIIO3UIINU, HamopHass (YHKIHUS B MPOU3BOJIBHON TOYKE
Haxo uTcs 1o Gopmyrie [51]

+r"2r"=-2 [R*- Zrncos(&- &)
r +rf - 2rrncos(@-q) (172)

1 4 R
F=—SN0.n
%;QE

rae Qj - IPUTOK B CKBKHHY C HOMEPOM |.

CHBAMHHA
PAJIAYCOM rq

Puc. 106. OquHouHasi ckBa:kuHa (a) U rpynmna ux (6) B BOIOHOCHOM ILIACTE C KPYroBbIM
KOHTYPOM NMUTAHUSA
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HOHTYP H = const {PEKAL

'=Tt

Puc. 107. J/IuHelHbIA PAX CKBAaKHH Y KOHTYPa ¢ NOCTOSTHHBIM HAIIOPOM

HKOHTYP H = const

L

Jl or—.—:' L

Puc. 108. JIuHeiiHBbIH P CKBAaXKMH MeKAY HENPOHMLAEMOW TIpaHHLedl W KOHTYPOM
NHUTAHUSA

OBNACTENHUTAHMA h=h;

L

-] °

OBNACTECTOKA h=h;

Puc. 109. JIuHeiiHbIH Pl CKBAXKUH MeK1Y KOHTYPAMHU NMUTAHUSA U CTOKA
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Puc. 110. KoabueBasi cucTeMa CKBa’KMH B IUIACTE ¢ KPYTOBBIM KOHTYPOM NMUTAHUS

EEEENEREN N AUN N

—_ T f.~,-_,.-'-—. .
S BN | o
E

Puc. 111. OnnHoYHAs1 CKBAKMHA B IUIACTE ¢ MHPWIbTPAUMOHHBIM NMUTAHNUEM CBEPXY
Jlns ompeneneHus MPUTOKOB BOABI B CKBaXHHBI Q; coctaBnsercsa cuctema u3 N ypaBHeHUI

BUIa
2

ol -=&]n El—i +
oo |n| A

i 1,2 3 pd B
P LS S R T Aees (8~ &)
4 3 rf +rt - 2ryr; cos (&, — &)

Beipaskenue | = N’ o3Hagaet, uto cymmupys o i ot 1 1o N, omyckaercs uieH i = j.

3nech U, - HaropHas (GyHKIUS B CKBOXXUHE C HOMEPOM J; Qj - IPUTOK B 3Ty CKBAXHUHY; I -
ee pasuyc; I, aj - MOJSIPHbIE KOOPAUHATHI ITOM CKBaXKHUHBI.

KonbueBoil BepTHUKaNbHBIA JpeHaX (KOJbIEBAas CHUCTEMa CKBa)XKWH) BOJIU3UM KOHTYpa C
IIOCTOSIHHBIM HanmopoM. B 3ToM ciydae neOUTBI CKBaXHMH OKa3bIBAIOTCA pa3IUYHBIMHU.
Haubonpmmii 1eOUT MMeeT CKBakKWHA, PACIOJIOKEHHast OMMKe BCeX K KOHTYpPY NMHUTAHHS, OH
paBeH:
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o- 27T
- +1n || 22 1] -1
27, e
[TpUTOK B TAIBHIOI0 CKBAKUHY PABCH:
o 27T,
-1 || 22 1] —1]
25, #

rac L- PACCTOSIHUC OT LICHTpA KOHBHCBOﬁ CHUCTCMBI 10 KOHTYpa C IOCTOSSHHBIM HAITOPOM.
3HaveHHe HAMOPHOUN (PYHKIIUU B IIEHTPE KOJIBIIEBON CUCTEMBI OTpeAesieTcs mo Gpopmyie

U=(Q'+ Q"/4LXK) n In (2L/ro).

Tab6mnuma 30
Pacuernas No
cxeMa ~ H (hopmyJbl
Co pue. 20 R - g Ry 8 R - wécos(6-a)
Zln In (166)
Rr. r'+ & —drdcos(6-a)
Cwm. puc. 107 _
M- e 258 E!]nish@ E |:h—hr(’P EL}—EDSEE
B, a npu AT <2 In 2;}? T o
ch== —cos=—— (167)
kL T xL a a
o 2, npu 2o >2
LIr. > 25; 4zl a 4 x-L
L/ 7> 0,5; —+iln— ——Ehl‘exp[lrf }1‘
LJ/L 0105 a m, o o (168)
Cwm. puc. 108
L,/[/>0,25 dgL(L -1 a Mo muanmn y = 0
[Jr. > 25; . +2]112W 11 It
Ly/L 000,05 : Wk (05- 2 L) - R+
Cwm. puc. 109 . 2 Zm)l—exp[iﬁx_x“]
2k o (169)
a1 x
o 2 L
Cwm. puc. 110 A & Lo R
Zln +2 — 23 In——
r 21, ; n A (170)
Cwm. puc. 111 ALl IR Inviv —r +r!
w(R, -7l) , Tre R, onpenensercs R-v
noAOOPOM M3 ypaBHEHUS (171)
2k
Jﬁ[zm ;ﬁ—l} Fr;hf ~h)

5.41. JIonoJHUTENBHOE CONMPOTUBIIEHNE HAa HECOBEPLIEHCTBO JpEHaka { 3aBUCUT OT CTENEHU
BPE3KH JPEHaka B MJIACT U PACCTOSIHUS OT PACCMaTPUBAEMOM TOUYKH J0 CKBAXKMHBI. 3HAYEHUS (
3aMMCTBOBaHHbIC U3 [24], mpuBeneHsbI B Ta0I. 31.
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Tabnuma 31

M 3navenus ¢ npu 3HaueHusX M/r, paBHBIX

0,5 1 3 10 30 100 200 500 1000 2000
0,05 | 0,00423 [ 0,135 2,3 12,6 35,5 71,9 94 126 149 169
0,1 | 0,00391 | 0,122 2,04 10,4 24,3 42,8 53,8 68,5 79,6 90,9
0,3 | 0,00297 | 0,091 1,29 4,79 9,2 145 17,7 21,8 24,9 28,2
0,5 | 0,00165 | 0,0494 0,656 2,26 4,21 6,5 7,86 9,64 11 12,4
0,7 | 0,00055 | 0,0167 0,237 0,879 1,69 2,67 3,24 4,01 4,53 5,19
0,9 | 0,00005 [ 0,0015 0,025 0,128 0,3 0,528 0,664 0,846 0,983 1,12

YcnoBHble 0003HaueHuss: M - MONHOCTh HAmopHOro macra; | - mimHa QuiabTpa CKBaXKUHBL, I -
paanyc CKBaXXHMHBI WIIM PACCTOSHHE IO paccMaTpuBaeMoil Touku. i miIacToB cO CBOOOMHOW MOBEPXHOCThIO M =
he - 0,5S,,; | = Ip - 0,5S,, rae lp - pa3sHOCTE OTMETOK €CTECTBEHHOT'O YPOBHS IPYHTOBBIX BOJ M HH3a pabodeil yacTu
CKBa)KHHBI.

Pacuersl BepTHKAJIBLHOIO PeHaKa IPH HEYCTAHOBUBLIEHcSl (PUIbTPALIMHA

5.42. B HEOTpaHWYCHHBIX B IUIAHE WM OTPAHMYCHHBIX HEMPOHHUIIAEMBIMH KOHTypamMH
BOJIOHOCHBIX IIacTax (UIbTpalMs K BEPTUKAIBHOMY JAPEHAXXy HOCHT HEYCTaHOBUBIIUMNCS
XapakTep, IpUYeM CIeAyeT pa3inyaTh JABa PeKUMa padOThl CKBAXXHH: C IIOCTOSTHHBIM JIEOUTOM U
C TIOCTOSIHHBIM YPOBHEM BOJIbl B CKBaXKMHaX. PaboTa CKBaXKMH C MOCTOSHHBIM JI€OUTOM HMEET
MECTO, TJIABHBIM 00pa30M, B XOPOIIO MPOHHUIIAEMBIX IiacTax. [Ipu 3ToOM ypOBHU B CKBaKHHAX
MOCTENIEHHO TaJalT, I[0Ka HE HACTYNMMT MX CTa0WiuM3auus 3a CYeT HACTYIUICHUs
YCTaHOBUBIIEHCS (UIBTPAIIMU WM OMYCKAHWS YPOBHSI 0 OTMETKH MOTPYKEHUS Hacoca. Bo
BTOPOM cllyyae B JaJbHEHIIEM TPOUCXOIUT YMEHbIICHHE JeOUTa, CKBaXKHH.

B nanbHeieM pacyeTHbIC 3aBUCUMOCTH OyJieM IMpecTaBisiTh B Buae Gopmy (164) u (165),
M03TOMY IIPUBOJATCS UL 3HaYeHUs 1Sl Fe 1 D

5.43. Ilpu pacuere pabOTHl CKBaXUH TPU MOCTOSHHOM IMPUTOKE 3aJada CBOJUTCS K
OTIpe/IeNICHUIO TIOJIO’KEHUSI CHIDKEHHBIX YPOBHEH KaK B CaMHX CKBa)KMHAX, TaK M HA Pa3IUYHbIX
pacCTOSIHUAX OT CKBAXHH. B 0o0IIeM ciydae HECOBEPIICHHBIX CKBaXHH OIPEACTICHUE 3TUX
BennuuH mpousBoautcss 1o Qopmynam  (164) u  (165). 3HaueHus (QUIABTPAIIMOHHBIX
conporuBienuit @, u @O, mpuBeneHsl B Tabn. 32, a JOMONHHUTEIHHOE CONMPOTUBICHHE (
npuHUMaeTcs 1o Tabi. 31.

s cxeM, He BKJIIOYCHHBIX B Ta0Jl. 32, OTMETUM, YTO OHU MOTYT OBITh PACCUHUTAHBI IO
MeToay cyneprno3uiuu (cM. pa3n. 2). B gactHoctu, mpu padore rpynmnsl u3 N IpOHU3BOIBHO
PACTONIOKEHHBIX CKBKUH B HEOTPAHWYCHHOM TUIACTE JJISl ONPEIeTICHHsS HAOPHON (YHKITUH B
IIPOU3BOJIBLHON TOUKE IJIacTa UCHOIB3YyeTcsl popmyra

w0 2
o = Lam g, p--S L gl 5|
Azic S0 | dat

QcyM:Q1+Q2+ +QN,

rie Qp - 1eOUT CKBaXMHBI C HOMEPOM 7; Iy - pACCTOSIHUE OT TOYKH, I/Ie ONPEAEIIETCS] HallOpHAs
(GyHKLHSA, 10 STOW CKBAXKHHBI.

5.44. TIpu paboTe CKBaXUH MPHU MTOCTOSTHHOM YPOBHE BOJIBI PacdeT CBOJUTCS K ONPEACIICHUIO
IPUTOKA BOJBI U TOJIOKEHUS! CHU)KEHHBIX YPOBHEW (MM HANOpPHOH (PYHKIMM) HA pa3IUYHBIC
MOMEHTBI BpeMEHHU. PacueTHple 3aBUCUMOCTH HMMEIOT CIIOXHBIH XapakTep W, Kak IpaBHIIO,
CBEJICHHE UX B TAaOIHUIly OKa3bIBAETCA Maja0yn00HBIM, TOHATHE HaopHbIX GyHKIMA U u Uy, ipu
9TOM COXpaHseTCs.

PaCCMOTpI/IM OTACJIbHBIC PACUCTHBIC CXCMBI.

OnuHovHast CKBaXMHa B Oe3rpanmvHoM 1acte (puc. 112). OnpeneneHue TpUTOKa B
CKBQ)XMHY M IOCTPOCHHE JACTIPECCHOHHOW OBEPXHOCTH MPOU3BOIATCS 110 hopmynam [42]:

Q = 4nkU,,G (fo); (179)
U= UIlp [1 - D6 (I’, fO)]; (180)
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Fo=rirg fo = at/r?.

Oyukiuu G (fo) u D16 (7, fo) TaOyaupoBanbl, 3HaYCHHUS WX MPHUBEACHBI Ha puc. 117 u 118.
OtmetnmM, uto mipu fo > 100 dpynknus G (fo) Moxker ObITh IpenCTaBICHA B BUIC

G (fo) = - [1/Ei (- 0,25/fo)].

JIuHeWHBI psA CKBOXWH B O€3rpaHMYHOM IUIacTe TpeAcTaBieH Ha puc. 113, a B
IOJIyOTPAaHUYEHHOM Iiacte - Ha puc. 114. OnpeneneHne NpUTOKa BOJbI B KAKAYIO CKBAKUHY
psna npu fo > 25 npousBoaurcs mo Gopmyne [24]

8k, N A 1
—— % N+ A5+ 89 efe 8- ——=| 8+ — |}
& o {[+ (La+ 8] 8 M,?—T[,ﬂ?”ﬁ]}

277, (181)
rae
0.3 o fu i
A E; .-5 o ;jl.] = F
n n—
D 2:"?;
“
Tabnuma 32
Ne
0 o hopmyIbl
—Ez‘[— A ] 7 —Ef[-iJ .
dat mpu 4t >0,1 dat npu 4t >0,1 a73)
2,25 z
Y. npum daf <0,1 fiput <Y
Cwm. 2 2 2 1
puc. —E.f[— ’. ]—Ej[—i] —E:‘[—L]—E;‘[—i] i
Iz
= > 0,1 g Lo 2,250 i (174)
al & mpu 4t <0,1
n 2,25 L_ﬂ o= (2L + X)% + 2
Lr, npu 4at <0,1
CwMm.
puc. jI"lf"ll'ﬂ_'l'l+2]n & ; 4K“"I'Eie:f'c .
113 o 2, o Dofat
‘ln exp Eerfcr (175)
|
2o
CwMm.
4 -fat L o 47 ofat | x| Lix
HC. — +ietfc +21n +ierfc
h o [»\ " ﬁ] 2, [ T BN (176)
Cw. E]n & nFa (7, fo);
}ﬁg nFa (1, f)) + ™o i, F =rlrg; fy = khet/ (nr?p) (177)
CwMm. i 2 1
puc. 4_}‘;]+2]_151§+ S+ apty 15 4ﬁ|+2]nﬁ+r_z+M_1,5
116 R4 y R4p (178)
fo = khet/ (nR?)
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Mpumeuanue. 3nadenus yuxuuu Fypp (7, fo) mpuBenens B Tabm. 1.

Puc. 112. OanHo4YHAs CKBAKUHA B MOJYOIPAHMYEHHOM ILJIACTe

Y

Puc. 114. JIuHeiiHbIH PsiJ CKBAKUH B MOJIYOTPAHUYEHHOM ILJIACTE
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Puc. 115. KosabueBasi cucteMa CKBa:KMH B HEOTPAHUYEHHOM ILIACTe

! |

i . |
I y l
[ |
| : |
| l |

—Q e e e Ot e O e

I I |

Puc. 116. CucremaTu4eckuii BepTHKAJIbHBIN APeHAXK

PacueTHast 3aBHCHMMOCTH MJJIsi TIOCTPOCHHUS JIEMPECCHOHHOW ITIOBEPXHOCTH HMEET OYEHb
CIIOYKHBIM BHJI U MTOATOMY 3JIeCh HE MPUBOAUTCA. B Toukax, jexanmx Ha ocu ox (cM. puc. 113),
T.C. Ha JINHUH, IPOXOJSIICH MMOCEPEANHE MEXKAY CKBOKHHAMH, IEPIECHANKYISIPHO JTHHEHHOMY
Py, HaOPHYIO (QYHKIIMIO MOKHO OMPEAETHUTh 1o (hopmyIie

U= Uy [1- @1 (%, %, f)], (182)

rae * =xs; % =r./o; f, = at/c>.
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Gifed
o * 10°? 10! 10! 1 i, 10
' ==l
N N » _— n
-“' ESY P e P e — g
| - L""u.,,:i !
10 nuEl i !
~ .
H— 1 1l ]
- -
~4L
.' i
— i T t
— =TTt 1 L L
- == -
10l “ '
1 10’ 10 10 10 fa
Puc. 117. I'padux pynxuun G (fo)
LI :F. f-‘f In r — !
0.3 ___-__._._—I
02—t -
o j— \-}hﬂ:

{ !

1w W' 1wt 1w' 10" W'l

Puc. 118. I'padpux pynxuun @5 (7, fo)

3unavenuss pynkumn D7 (¥, Te fo) mpuBemensr B Tabn. 33. Ilpu 3mavenuun % > 0,75
HATIOPHYIO (PYHKIIMIO MOXXHO HAXOJUTh 11O 3aBUCUMOCTH

X
=0 erfe :
T 2far
Tabnuma 33
7 7 Suauenns @7 (£, ", , o) mpu 3HaueHusIx fo, paBHBIX
025 | o5 | 1 | 2 | 4 | e | 8 | 10
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5 7 3HaueHus Oq7 (f e fo) mpu 3nauenusx fy, paBHBIX
0,25 0,5 1 2 4 6 8 10

0 0,345 0,265 0,18 0,087 0,039 0,017 0,013 0,013
1 0,375 0,297 0,22 0,115 0,04 0,02 0,014 0,014
2 0.0001 0,465 0,375 0,265 0,134 0,044 0,021 0,015 0,015
3 ' 0,53 0,425 0,302 0,155 0,048 0,023 0,016 0,016
4 0,728 0,549 0,355 0,177 0,054 0,026 0,018 0,018
5 0,905 0,683 0,428 0,212 0,065 0,03 0,021 0,021
0 0,32 0,245 0,176 0,082 0,035 0,016 0,012 0,012
1 0,345 0,258 0,205 0,097 0,038 0,018 0,013 0,013
2 0.0005 0,408 0,328 0,23 0,118 0,041 0,02 0,014 0,014
3 ' 0,47 0,385 0,257 0,135 0,043 0,021 0,015 0,015
4 0,554 0,448 0,305 0,152 0,048 0,023 0,016 0,016
5 0,701 0,54 0,346 0,176 0,055 0,026 0,019 0,019
0 0,305 0,226 0,165 0,077 0,033 0,015 0,012 0,012
1 0,334 0,235 0,185 0,1 0,038 0,017 0,0127 0,0127
2 0.001 0,408 0,315 0,216 0,11 0,04 0,019 0,0135 0,0135
3 ' 0,445 0,367 0,239 0,126 0,041 0,020 0,0142 0,0142
4 0,515 0,41 0,282 0,141 0,045 0,022 0,0156 0,0156
5 0,632 0,49 0,317 0,163 0,051 0,025 0,018 0,018
0 0,265 0,212 0,153 0,062 0,023 0,01 0,01 0,01
1 0,300 0,235 0,165 0,075 0,023 0,015 0,011 0,011
2 0.005 0,324 0,27 0,18 0,095 0,032 0,017 0,012 0,012
3 ' 0,355 0,3 0,202 0,108 0,035 0,018 0,013 0,013
4 0,438 0,338 0,236 0,12 0,038 0,019 0,014 0,014
5 0,507 0,396 0,259 0,135 0,043 0,021 0,015 0,015

KonbreBoil BepTHKaNbHBIA JIpEHA)X B HEOIPAHMYEHHOM ILIACTE INpHUBEAEH Ha puc. 115.
[TpuToK BOABI B KOXKIYIO U3 CKBaXXHMH KOJIBLIEBOW CHCTEMBI OINpesieNseTcs o popmyie

ol (3

o PHUaOh) et

N+ G —— !
iy

i

rae N - gucno ckBaxuH; G (fo) - TaOynmupoBanHast QyHKIHS, 3HAYEHUST KOTOPOU MPUBEACHBI Ha
puc. 117.

JluHaMuKa CHWIKEHHUS YpOBHEW (HAmOpOB) TOM3EMHBIX BOJI 3a TpeleraamMH KOJbIIEBOU
CHUCTeMBl MOXET ObIThb oreHeHa no ¢Gopmyne (180), B KoTOpyl0 BMecTO I HEOOXOIUMO
MOJICTaBUTh paJUyC CUCTeMBbI lg. BHyTpu npeHupyemMoro KOHTypa MOHM)KEHHE B IEHTpE
HaXOJUTCS U3 YPAaBHEHHUS

Ui = Upp [1 - ®5(0, fo)].

3nauenus ¢pynkiuu s (0, fo) mpusenensr Ha puc. 81. Cxema CHCTEMaTHYECKOro JpPECHaXa
(cm. puc. 116). [Ipu Hamuuuu WHOUIABTPAIIMH CBEPXY C HMHTCHCHUBHOCTBIO @ JNEOUT KaKIOH
CKBQ)KUHBI C JIOCTaTOYHOW CTENEHBIO TOYHOCTH HaXoauTes 1o gopmyne [7, 42]:

2ty
—— R’ |exp (v} fy);
In ——

2r.

0 =maR’ +

fo = at/R% % = r./R, vi - IepBbIil KOPCHB YPABHEHHS

Yo (vn) Jo (VnF‘) =J1 (vn) Yo (VnF‘)-
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3HadYeHHUS 3TOrO KOpHA B 3aBUCHUMOCTH OT T MMPHUBCICHBI HUXKC!

F 0,01 0,001 0,0001 0,00001

[

0y 0,7167 0,5687 0,4857 0,4308

[Tonmxenue ypoBHs Ha MeXApeHbe (pu I = R) Haxoautes mo hopmyre

4
S OR N R o 5| |a- ey,

[3 rﬁ

-5

o o

[Tpu oTCYTCTBHMY MHOUIBTPAIIUHN B PUBEICHHBIX (OpMysIax ClIeIyeT CYUTaTh, 9t0 @ = 0.
y‘IGT I‘I/I,Z[pOI[I/IHaMI/I‘-IeCKOI‘O HGCOBepH_IeHCTBa CKBa’XUH OcyH_[eCTBJ'I}IeTC}I OIIMCAHHBIM BBHIIIIC
Croco0O0OM C MCTOJIb30BaHUEM 3HAUYCHUH (, MPUBEICHHBIX B Ta0JI. 30.

OO0 onpeneneHNN PacYeTHOIO 3HAYCHHS «PaANYCa JeiCTBU> BEPTHKAJIbHBIX JpeHaKel

5.45. BeprukanpHble ApEHAXH, TNPUMEHSIEMBbIE B TPOMBIIUIGHHOM M  TOPOACKOM
CTPOUTENBCTBE, KaK MPaBUJIO, PACCUUTHIBAIOTCS HA JIUTENbHBIA CPOK ACHCTBUS, MOSTOMY HJIs
WX pacdera OOBIYHO HCIIOJIB3YIOTCS YPaBHEHUS YCTAHOBHMBIIETOCS BO BPEMEHH JBUKCHUS
TPYHTOBBIX BOJ. B Tex ciydasx, KOrjaa BO3HHKAeT HEOOXOAMMOCTH B ONPEACICHUU BPEMEHHU
OCYILIEHUS, UCTIOJIb3YIOTCS] YPABHEHUSI HEYCTAHOBUBIIETOCS IBUYKEHHS TPYHTOBBIX BOJI.

COOTBETCTBEHHO JTOMY M paAWyChl JeHCTBUS (pajnyChl JENPECCHUU) BEPTUKATBHBIX
JIpEHaXKeW CIeqyeT pa3anyaTh B YCIOBUAX YCTAHOBHBIIETOCS M HEYCTAHOBHUBIIETOCS JIBUKEHUS
TPYHTOBBIX BOJI.

B toM m npyroMm ciydyae BeaMYHMHA paguyca JIEUCTBHS HamOoJiee HAAC)KHO MOXKET OBITh
OmnpeJieJieHa OIBITHBIM IyTEM, MPU KOTOPOM B IPOLECCE OTKAYKKM BOABbl aBTOMATHYECKU
YUYUTBHIBAIOTCS YCIOBUS MUTAHUS M pa3rpy3Ku BOJOHOCHOTO TIJIacTa.

Kepkucom E. E. mpemmoxkensl (opmynbl mepexoma OT 3HadeHHs R,, yCTaHOBICHHOTO
OIIBITHBIM ITyTEM, K HICKOMOH BeIH4YHHE Ry, ABIsIOMENics pacCYeTHON ISl JAHHOTO IPEHAXa.

B BOIOHOCHBIX MT1acTax co CBOOOAHON MOBEPXHOCTHIO BEIMYMHA Rp MoxeT OBITH HaliieHa U3
ypaBHEHUSA

B SaCh S B
o 8,2k -850 m (183)

Rz

rme rp - paadyc paBHOBEJIHMKOTO Kpyra, K KOTOPOMY TIPUBOIUTCS pEATbHBIA KOHTYD
IPOEKTUPYEMOIO JIpEHaXka; Sy, - MOHMWKEHHE YPOBHS TIPYHTOBBIX BOJ B IIPOEKTUPYEMOM
IpeHaxe; S, - MOHWKEHHUE YPOBHS B JpECHAKE-aHAJIOTe, MpU paboTe KOTOPOro HaOIOAaeTCs
panuyc R,; rp - IpUBEACHHBIN pagnyc KOHTYpa 3TOr0 ApeHaxa; Ne - MOIIHOCTH OE3HAMIOPHOTO
BOJIOHOCHOT'O TJIacTa, KOTOPBI HameyaeTcsl APSHUPOBaTh; N - TO *ke, Ha ydacTke ApeHaxa-
aHaJyora.

Hckomslil panuyc Ry HaxoanTes nogdopoM. OHAKO 4acTo Ha MPAKTUKE JaHHBIE IO ONBITHON
OTKA4Ke OTcyTCTBYIOT, HOBTOMY B 3TUX cnyqaﬂx HpI/IXO,Z[I/ITCH HpI/IGGI‘aTB K onpe;[eneHmo
paauyca IeUCTBHS APEHaXKa PACUCTHBIM ITyTEM.

[Ipu paboTe BepTHKATBHOTO JApEHaka B HEOTPAHUYCHHOM B IUTAHE BOJOHOCHOM TOPH30HTE
YCTAaHOBUBIIIEECS TOJIOKEHUE BOPOHKH JICTIPECCUU MOXKET OBITh JOCTUTHYTO TNPU HATUIHH
I/IHq)I/I.HBTpaI_[I/IOHHOI‘O IIUTAaHNUA NN HpI/I HepeTOKe BOAbBI U3 HUXKCJICKAIIIUX HaHOpHBIX I1J1aCTOB.

[Ipn muTaHWM BOJIOHOCHOTO TOPH30HTA 3a CUET PAaBHOMEPHOW WHOPUIBTPALMH B Tpeaesiax
OacceiiHa ¢ MHTEHCHBHOCTBIO (@ BEIMYMHA PAJAMyca BIMSIHUSA MOXET OBITh MPUOIMKEHHO
omnpeneneHa o GpopmMynam:

IIPU OTHOMEPHO-PaIUAIBbHON PUIbTpaIK

k 2
R=flg R-lgn —0,217=D,65J—(2ﬂz£—3 )5y - 0,57
I i @ Y (184)
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IPY TUIOCKOTAPAJUIENbHON QuIbTpanmu

i
R=\I—(2}z -8 08 .
do RO (185)
Omnpenenenne R o ¢popmyse (184) mpousBoauTcst oA00POM.
[Ipy muTaHUM BOJOHOCHOTO TOPH30HTA CO CBOOOJHON MOBEPXHOCTHIO M3 HUKEIIEKAIIETO
HAIMlOPHOTO IUIacTa dYepe3 CIa0ONMPOHUIIAEMBIA CJIOM MOITHOCTBIO O W KOI(PHUIIMEHTOM
GubTpanuu K 7BbIpaskeHus 15 paguyca BIUSHUS IPUHUMAIOT BH [35]:

IIPU OJTHOMEPHO-PaIUANBbHON PUIbTpau
R=1123,jkdh ik, (186)
IPY TUIOCKOTAPAJIENbHON QuIbTpanuu
Ro= .k 0k, . (187)

Jlns HamopHoro ruiacta B popmyisl (186) - (187) Bmecto he HE0OXOMMMO MOACTaBUTH €rO
MOIIHOCTb M.
OTH HOPMYIIBI IPUMEHUMBI IIPH YCIOBUH, YTO

J%:ru kﬁfkmﬁ <02,

€CJIM OHO HE BBIMIOJHEHO, TO PAcyeT BEACTCS MO0 COOTHOIICHUIO
R=roexp [Ko (L / LK. (4], (188)
rae Ko (1), K1 (1) - dyrkiun Beccenss MHUMOro aprymMeHTa BTOPOro poja.

[Ipu oTcyrcTBUM WHOWIBTPALMOHHOTO M HANOPHOTO NHTAaHUS TEPEMEHHBIM BO BpPEMEHHU
paznuyc AeWCTBUS IpeHaXka HaXOAUTcs Mo popmyIie

A= 1,5& (189)
NPUMEPHI TNIPOI'EOJIOI'NYECKUX PACYETOB I[PEHA)KEFI

Ipumep 1. ['maporeonornyeckuii pacyeT COBEPIUICHHOTO CUCTEMAaTHYECKOT0 ApeHaxa

5.46. B mpemenax ocymaeMod —TEPPUTOPHUM  HMHTEHCHBHOCTH  JIOTIOJIHUTEIILHOTO
WH()UIBTPAIIMOHHOTO MUTAHUS TPYHTOBBIX BOJ COCTaBIIsIeT @ = 5 - 10 M/cyT. Jlns 3amuThl OT
MOJTOTUICHUSI TPEATNOIATAeTCSI COOPYAUTh TOPU3OHTAIBHBIM CHCTEMAaTHUYECKUI COBEPIICHHBIN
JIpEeHaX ¢ TITYOMHOW 3aI0KEHUsI APEH HUXKE €CTECTBEHHOI'O YPOBHS TPYHTOBBIX BOJ Ha 4 M U
MeXApeHHbIM paccTtosiHueM 2L = 160 M. BogoHOCHBIN TOpU30HT OJAHOCIOWHBINA, C HaYaIbHOU
MOITHOCTBIO he = 4 M, kodddumment ¢unprpanuu mopox K = 1 wm/cyr, xodddumueHt
Bopootnaun - N = 0,1. OnpenennuTe MOJI0KEHUE YPOBHS I'PYHTOBBIX BOJ Ha MEXAPEHbE Ha
pa3IUYHbIE MOMEHTHI BPEMEHU U BpeMsl CTa0MIM3alMHM (UIBTPALMOHHOTO pEeXHMa PabOThI
ApeHaxa, ecIi YPOBEHb BOJBI B ipeHe hy, = 0,1 m.

[TonoskeHne ypOBHSI TPYHTOBBIX BOJ Ha MEXAPEHbE HA PA3IMYHBIE MOMEHTHI BpPEMEHU
paccuntaeM o dopmysie (57), CpeaHIOI MOITHOCTH UTacTa h, onpenenuMm mo cooTHOIEHUO N,
=0,5(he + hyp) =0,5(4 +0,1)=2,05 m.

3anaBasich pa3IMYHBIMU 3HAUCHUSIMH BPEMEHH t, HAXOIUM COOTBETCTBYIOIIME 3HaYeHUs N, B
gactoerw, ipu t = 100 cyt fy = khet/ (nL?) = 1 - 2,05 - 100/ (0,1 - 80%) = 0,32; 110 puc. 67 u 68 &
(0,32) = 0,58; [4(0,32) = 0,48. Torna

5107 g80°
he=01+(4-01)058+ 21205 [1-.0,48]=2,77m.
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3HadeHus Ny, s pa3InuHBIX MOMEHTOB BpEMEHH MpUBeIeHBI Ha puc. 119.

by, M

4

a

1_‘¥ﬁ

- A

3 b ——P>

pl ‘ )
200 4900 803 809 1000

L, cyr

Puc. 119. I'padux ¢pynxuun h (fp)

U3 puc. 119 BuaHO, YTO cTaOMIM3aIM MIpoLiecca HacTynaeT npakrudecku yepe3 500 cyt, npu
3TOM MaKCHMajbHas MOITHOCTh TPYHTOBBIX BOJ Ha MEKApPEHbe cocTaisieT hy = 0,88 m.

IIpumep 2. ['naporeonornuyeckuii pacueT HECOBEPIIEHHOTO OJHOJMHENHOIO ApeHaxa

B nmpenmemax 3ammniaeMoi TEPPUTOPHH IOCTYIAeT JOMOJHUTEIbHAss HWH(DUIbTpAIHS
MHTCHCHBHOCTBIO @ = 107 M/cytr. OUEHUTh JOpeHupyrImHid 3PPEeKT HECOBEPIICHHOTO
OJTHOJTMHEHHOTO0 TOPU30HTAIBHOTO JpEeHaXka, 3ariyOJICHHOTO II0Jl €CTECTBEHHBIH YpOBEHBb
TPYHTOBBIX BOJ Ha TJIyOMHY 4 M, €CIU BOJOHOCHBIM TOPU3OHT OJHOCIOWHBIN, HadaJlbHAs
MomHOCTh he = 8 M, ko3ppuuuent ¢puiptparmu kK = 1,5 m/cyr. Onpenenurb NpUTOK BOJBI HA
€IMHUILY JTUHBI IPCHBI.

Jns  oueHku japeHupytomiero 3ddexrta HEoOXOIUMO IMOCTPOUTH
MOBEPXHOCTh TPYHTOBBIX BOJI, LISl YETO BOCIOIB3yeMcs popmyoit (71).

B nepByto ouepens paccuntaeM JalbHOCTB JISHCTBUS ApeHaxa |, mo gpopmyie
l, = [k (W% - h%) /o + @,7°° - @,

JENPECCUOHHYIO

Ipu4emM

ik —h
¢H=—2k‘]nsin e "’P).
bid

ITocne BeIYMCICHUA moJrygyacm
he=0,5 (he + hyp) =0,5 (8 +4) =6 m;
o, =200 g 77D
T 206 =2,65M;
l, = [1,5 (8 - 4%) /107 + 2,65%]°° - 2,65 = 265 M.

Jlnsg mocTpoeHus: JENpecCMOHHOM MOBEPXHOCTH MpU paboTe JApeHaka BOCIOJIb3yeMCs
dopmymnoit (71), B KOTOPYIO TMOJCTaBUM pPa3IMYHbIC 3HAYEHHUS PACCTOSHUS X OT JOpeHbI. Bce
pacyeTsl cBeneM B Tabm. 34.

Tadonuna 34
X, M l,, M D, M w/k he, M h, m
25 5,05
50 265 2,65 6,67 - 10* 8 5,75
75 6,32
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X, M l,, M D, M w/k he, M h, m
100 6,76
150 7,43
200 7,82
250 7,95

[Iputok BOABI B ApEHAX HA EAUHUILY JJIMHBI COCTaBUT
q=2d,=2-102-265=0,53 M’/ (cyr'm).

Ipumep 3. ['maporeonornyeckuii pacyeT MmiIacToOBOro ApeHaka B OJHOCIOMHOM IIACTe
KOHEYHOU MOIIIHOCTH

Jnist 3amuThl MOJ3EMHOW YacTH 3JaHUS OT TOA3EMHBIX BOJ MPOCKTHPYETCS TUIACTOBBIH
JIpeHaX C TIYyOMHOH 3all0KeHHsl TOJ YPOBEHb TPYHTOBBIX BOA Sp = 6 M. MOIIHOCTB
BOJOHOCHOTO Mmiacta Ko = 16 M, kosd¢umuent ¢unsrpaiuun mopox K. = 0,7 m/cyr. Ha
IMOBCPXHOCTh TI'PYHTOBBIX BOJ MNOCTYNACT HOOIMOJIHUTCILHOC I/IH(bI/IJ'H:TpaLII/IOHHOG IINTaHUueE C
MHTECHCHBHOCTBIO @ = 3 - 107 M/cyT. [lpuBenennslil paanyc apeHaxa rp = 15 M. Onpenenuts
IMPUTOK BOABI B APCHAXK U MTOCTPOUTH ACHIPCCCUOHHYIO ITOBCPXHOCTH 'PYHTOBBIX BO/I.

[IpuTox Boawl B npeHax ompenenum mo (opmyne (112), mpuuem ganpHOCTH nerictBus R,
HaiiemM mogbopom u3 ypaBHenus (115).
[IpenBaputenbHO paccuuTaeM (o

e (o = 2méy/ (he - m); 7o = ro/m = 15/10 = 1,5.
ITo puc. 91 ¢, = 0,4, Torna

%=2-10-0,4/(16-10)=1,33.
Taxum oO6pazom, aist onpeneneHus R, momydaem cienyromiee TpaHCIICHACHTHOE YpaBHEHUE:
(0,7/3 - 10™) (16% - 10%) + 15°(1,33- 0,5) =
=R,? (InR,/15) + 1,33 - 0,5.

Otcroma R, =307 m.
[TpuTOK BOJBI B APEHAXK COCTABUT

Q= x-3-10"(307% - 15%) = 88,9 M*/cyT.

PacueT nmonoxeHust 1enpecCHOHHON MOBEPXHOCTH BBITIOHUM 110 popmyiie (113), pe3ynbrarhl
pacdera cBeaeM B Ta0u. 35.

Taoauma 35
r ro R, % G m h
25 13,2
50 14,2
75 . 14,75
100 15 307,5 4,286 - 10 1,33 10 15.5
200 15,96
300 16

IIpumep 4. ['maporeoornyecKuii pacueT HeCOBEPIICHHOTO KOJIBIIEBOTO APECHaXKa BOIU3H
HpHMOHHHGﬁHOFO KOHTYpa MMUTaHUuA C TOCTOSIHHBIM HAIIOPOM

Jlnst 3amuThl OT TOXATOIUICHHS 3JaHUs, PACIOJOKEHHOro y BogoeMa (cM. puc. 84) Ha
paccrosHuu L = 100 M, HameuaeTcsi CTPOUTENBCTBO KOJIBLEBOTO HECOBEPUIEHHOI'O JIPEHAXKa C
3aray0JeHueM JpeH TOJ €CTECTBEHHBIM YpOBEHb TPYHTOBBIX BOJA Ha 5 M. MoNIHOCTH
OJTHOCIIOWHOTO BOJMOHOCHOTO Iiacta he = 10 M, koadduuuent dunprpammu K = 0,5 m/cyT.
[TpuBenennbii paanyc apeHaxa o = 30 m, auameTtp apeHaxHbIX Tpyod - 100 mm. Onpenenutsb
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IIPUTOK BOJBI B JPEHAX, IOHM)KEHNE YPOBHS I'PYHTOBBIX BOJ B LIEHTPE JpPEHaKa, U MOJI0KEHUE
CHI>KEHHOTO YPOBHS MEXKIY JPEHAXEM U PEKOH B TOUKE X =35 M, Y = 65 M.
[MpuTok BoIbI B IpeHax onpeaenum 1o Gopmyie (94), paccunuTaB npeaBapuTeNbHO 1 U N

he=0,5 (h. + hyy) = 0,5 (10 +5,1) = 7,55 u;

1. 8 30

A w5
1 830

=—1Ih——=045
& o6 0,05

[TpuTox BoabI Oy/eT paBeH
o- 270 0,5 7,55(10-5)
I [2-100 , 30 ]+0,45

= 50,1
30 2100 ey,

[ToHnmxeHre ypoBHsI TPYHTOBBIX BOJ B IIGHTPE IpeHaxa paccuutaeM o opmyse (90):

~ Pyl
1y = iy 91" 2
£
3nech
. S
My = 5 - - n—,
2L Pt
n [+l eg
rp 2L
rze no ¢popmyine (97) npu 3nauenusix x = 0,y = L + ro umeem
O = 2 42 = Foo _ 30 _
2L+r  2:100+30
. 5 1
Mg =5- > lli][] 20 In =0,695m
—+———|+045 0.13
30 2 100

To puc. 83 @, (70) = ®; (6) = 0,25.
[TonmxeHue B IieHTpe ApeHaxa OyaeT

0,45-0,25
My =065 —F—=031m
0,45

[MonoxeHne CHIKEHHOTO YPOBHS B TOUke X = 35, y = 65 M Haiinem no ¢popmyie (95)
.';3 —
hy =yt .
2=+ %y 4 A
< 2o

i

3mech
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eyt -rb 354650 -1007 _

=AUV, U= = 0,160,
f iy +LF 35+ 65+ 1007
- oxl, . 22-35-1[3[3 - 0245

o+ (y+ L) 25 +(65+ 100)

©=J0160% + 0,246 = 0,293
[TooxxeHne CHUKEHHOTO YPOBHSA Oy/I€T paBHO:

By =10 - — mm_;ﬂ I —— =7.41m
.\ vo45 0293

30 2100

IMpumep S. ['maporeonornyeckuii pacyeT HECOBEPIIEHHOTO CUCTEMATUYECKOTO JpeHaXa

Ha TeppuTOpH# MOCTynaeT HHGHILTPAIHS HHTCHCHBHOCTBI0 @ = 4 - 10™ m/cyr. J{ns sammrsr
OT TIOATOIUIEHUS HaMEYaeTcsl COOPYAMUTh TOPU3OHTAJBHBIM CHCTEMAaTHUYECKUN JpeHaX C
3aJI0)KEHUEM JIpeH II0Jl €CTECTBEHHBIM YpOBEHb I'DYHTOBBIX BOA Ha 5 M M MEXJIPEHHBIM
paccrostaueM 2L = 40 M. BoJOHOCHBII TOPU30HT OHOCIIONHBIN, ¢ HAYAJILHOW MOIIHOCTHIO Ne =
12 ™M, koaddurmentom ¢uastpaiuun K = 0,9 m/cyr, koaddunuentom Bomoormaun n = 0,1.
Onpenenuts MOJIOKEHWE YPOBHsSI TPYHTOBBIX BOJ Ha MexapeHbe uepe3 100 cyr or Havana
paboThI IpeHaxa U MOCJIe HACTYMJIEHUs YyCTAaHOBUBIIETOCs peKuMa (hUIbTPaLUH.

[TonoxxeHne ypoBHs IPYHTOBBIX BOJ Ha MexzapeHbe yepe3 100 cyrt ompenenum no ¢popmyse
(29)

Loalt|l1t _ .
Ez=}z£—(ﬁz£—hm)56(x,ﬂ,.5’zj+ﬂ% E+x—3—5'?(x,ﬁ,£i‘zj.
3nech
fu=%; B =050k, + k)= 0512+7)=95m
M
0,9:9,5 100 L .
= ———=— =174 Bi=—1 &, =hd;
0,1:70 20

@, =f (m/he); m/he =7/9,5 =0,74;
o 1. 5.7 u popmyiie (62)
70

@, =0,392; ®,=9,5-0,392=3,72; Bi= 2372 =94;

Ha Mexpense £ = x/L = 1;
o puc. 71 6 (%, fo, Bi) = 65 (1; 1,74; 9,4) = 0,99;

B (%, fy, Bi) = 2> 2% vos 4o, (1- ) exp (~481y):
=1 Hu

no mpuit. 2: 4 = 1,42; 1 = 4,28; 3 ="7,2; mo mpun. 1: A; =1,26; A, =-0,39; A3 =0,21
1,26

& (7, fy, Bi) = 2| = exp (-1,42" - 174) -
142
0,39 2 0,21 2
- exp (—4,28% 1,7 + = exp (-7,2% 1,74 | = 0,037,
208 Ep ( ) 77 2 ( )

MOJIOXKEHUE YPOBHS Ha MeKapeHbe uepe3 100 cyT Oyaer
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, -4 2
B=12-{12-70,99 + RS I +1 1 0,037 =718m
0,955 154 2
IlonoxxeHne ypoOBHS TIPYHTOBBIX BOJ Ha MEXKIPEHbE IIPU YCTAHOBUBIIEMCS pEXUME
bunbTpauu paccurtaem 1o dpopmyse (61)

2 =12
P L
= o | B 2
P
S il AL ISR Y I
0995 |94 2

Kak BumHo, mo wucreuenun 100 cyr oT Hayama pabOTHl ApeHaXKa pPeXUM (UIbTpPAIUU
MPAKTUYCCKU SABJIACTCA YCTAHOBUBIIHUMCH.

IIpumep 6. ['uaporeonornyeckuii pacyer MmIacToBOro ApeHa)xa B JBYXCIOMHOM IJIACTE MPU
HaJIM4Ynu I/IH(l)I/I.HBTpaI_[I/IOHHOI‘O IIUTaHUuA

[TnacToBBIN ApEeHAX MPEIoNIaraeTcs 3ajJ0KUTh Ha TIIyOWHY 5 M TIOJT €CTECTBEHHBINH YPOBEHB
TPYHTOBBIX BOJ] B JBYXCJIOMHBII BOJOHOCHBINM FTOPU30HT C HAYAJIbHOM MOIIHOCTHIO Ne = 13 M, Ha
CBOOOJHYIO  TOBEPXHOCTh  KOTOPOTO  MOCTYMaeT  JOMOJHUTENIbHAs  WMHOUIbTpalus
MHTEHCHUBHOCTBIO (/= 2 - 10™ m/cyr. Bepxnuii BOZOHOCHBIA CII0OH MOIIHOCTBIO 6 M HMeET
ko3 dunment punprparmu Ky = 0,1 M/CyT, y HUKHETO CIIOSI MOITHOCTBIO M = 7 M K03 HHUITHEHT
dunbTpanuu Ky = 2 mM/cyt. [IpuBeneHHbIN paanyc ApeHaxa o = 16 M. OnpenenuTh NPUTOK BOJIBI
B JIPEHAX U MOJIOKEHHE CHUKEHHOT'O YPOBHSI TPYHTOBBIX BOJ Ha paccTosHuM 10 M OT apeHaxa.

[TpuToK BOIBI B IpeHax paccunTaeM 1o Gopmyne (112)

Q= [ (R, - 1od).

3neck R, Halinem noxpbopom u3 ypaBHeHus (120)

2ic, M (h, ~ ) (L —0.50 - Rj[m R, ‘o —0,5],
i) "
e o dopmyite (121)
= G LG+ 1 ()
. &)
ﬁ=J a =J 0.1 = 299107 1/m,
kMm V278

Gy =299 107216 = 04724
[To Tabnuiiam crienraabHBIX (QYHKITAN:
lp (0,4784) = 1,058; I, (0,4784) = 0,246;
o = ro/m=16/8 =2 1 no puc. 91 &, = 0,15;
_ 04784-0,15-0,246 +1,058 _

9.1

Can 047840 246

M +(91-0516% = 2*|in Re v 91-0,5]
2107 16

Orcroma R, = 248.,8 M.
IIpuToK BOABI B Ipe€HAk COCTABIISAET
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Q=rx-2-10"(248,8° - 16%) = 38,73 m°/cyr.

[TonoxxeHne CHH>KEHHOTO YPOBHS TPYHTOBBIX BOJ Ha paccTosiHuu 10 M OT IpeHaxka Hailgem
no ¢opmyie

k Ay
ho=— |y - 22|
o —@ .o
3nech
2, M # i, M A, M
. -4_ 2 . -4_ 3 2
=8+2 10*.248 2 1n§+2 10*-9,1(248,8% -16%)
2.2.7 16 2.2.7
it I_ 12
_ 210t (267 -16 )=12,22M_
4.7
[TonoxxeHne CHUKEHHOTO YPOBHSA OyIeT
0.1 210t -7
= ————|12,22-———|=12,23
0.1-2-10 0.1

i M.

IMpumep 7. 'maporeonornyeckuii pacyeT ropu30HTAILHOIO BAKYYMHOTO JApEeHaxka,
paboTaroero B He3aTOIJICHHOM PEKUME

JUIst 3aIMTHI OT TTOATOIIICHHS TUTOMAAKK pazMepoM 300 x 50 M” mpemonaraeTcs IPOKIaaka
JBYX JIMHHMI JpeHa)xka BAOJIb KOpIlyca HO €ro JJuWHe Ha pacctosHuu 10 M OT ero creH, T.e.
MexapeHHoe paccrosaue 2b = 70 m (puc. 73, a).

Jlo Havana CTPOMTENBCTBA IPEHAKa YPOBEHb IPYHTOBBIX BOJ HAXOAMTCA HAa PACCTOSIHUHU 1 M
OT JHEBHOW moBepXxHOCTH. HopMma ocylieHus [uisi JaHHOM TEpPpUTOPUU COCTABISET 4 M OT
MOBEPXHOCTHU 3eMJIH. [[peHaX MPOCKTUPYETCS Ha TIyOnHEe, PaBHOM B CPETHEM 5 M.

Haiitu BenmmumHy Bakyyma B JpeHax, MpH KOTOPOl OyneT AOCTHrHyTa Tpedyemas HopMma
OCYILIEHHS, & TAKXKE ONPEICIUTH IPUTOKH BOABI U BO31yXa K JPEHAM.

Ocymaemasi TOJIIIA CIIOXKEHA JISTKUMU CYTJIMHKaMH ¢ KodduuuentoM ¢punbrpanuu K = 0,5
M/CYT, HayajlbHas MOIIHOCTh BOAOHOCHOro ropusonta he = H; = 12 m. Mudunsrpannonnoe
NUTaHUE Ha OCylIaeMol teppuropun o = 1,5 - 107 m/cyT. [IpuBeneHHbIH quamMeTp ApeHsl Oy, =
0,3 m.

[opsimok pacuera. B cooTBeTcTBMM € 33aJaHHONH HOPMOH OCYLICHHs NpU paboOTe ApeHaxa
NOHMKCHUE YPOBHS TPYHTOBBIX BOJ Ha MEXIpPEHbE IODKHO OBITH HE MeHee 3 M, Torja
MOIITHOCTh TOPU30HTA B 3TOM MecTe Hy = 12 - 3 = 9 M, paccTostHuE OT ypOBHSI BOJBI B IPEHE 10
MMOBEPXHOCTH 3eMJId My = 5 M.

s pacuera HeoOX0aMMOTO Bakyyma B npeHe H, BocmoibzyeMcs hopmynamu (159). Jlns
MexApeHbs (x = 0) MOXKHO 3amucaTh

& 2 @ 2
Hi=H agl|—|+H + | -—0F -
1 % [ M, ] k J e T L . )
Otcrona onpenenurcs JalbHOCTh AEUCTBUS ApEeHaXa
) X CII AR A S
ar
B cBoto ouepens b/M, = 35/5 =7, no rpaduky Ha puc. 105 naxomzum ¢, (7) = 0. Bennunny Hy

HaiiileM 1o cooTHoleHuto Hy = ahy, a hy onpeaenum o puc. 100. [pumem « = 0,2, Torna Hy =
0,2-2,5=0,5m.
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Takum oOpazom

L= |35+ 0. —{(12* - (9-05%
1>-10 =159 m,
Mo w3BectHoW BenmmuuHe |7 ¢ wucnonb3oBanueM Qopmyinsl  (159) onpenenum  Hi,
MpPEABAPUTEIILHO BBIYUCIHB (QUIbTPAIMOHHOE compoTuBieHue @y no dopmyne (63), mpuuem
CUHTaeM

0,5 (he + hgp) =0,5 (12 +8) = 10 m;

o, __ 210, 712-8)
T 212 =86

, 15107 2 2
H o=8-_J12% - — [(159+8,6)° -86%+2.35:8.6] =04

M.

[TonmyyeHHBI pe3yiabTaT TOKA3bIBAET, YTO YK€ NPU HEOOJBIIOM BaKyyMe Ha BHEIIHEH
IOBEPXHOCTHU APEHBI JBYXJIMHEUHBIN BAKYYMHBIM IPEHAK BBIIIOJIHUT CBOIO 33Ja4y.
IIpuTOK BOJBI HA €AUHUILLY JJIUHBI KaXKJOU IPEHBI COCTABUT

q=w(+19)=15-10°%(35+ 159) = 0,292 mM’/cyT.
O6mas nmuHa aped cocrasisieT 600 M. [ToaTomy oOmuit nedut apeHaxa Oymer
Q =0,292 - 600 = 175 m*/cyr.

[TpuTox Bo3myXxa HaxoauM 1o Gopmysne (152), cunras, 94To HaJ APEHAKHON TPYyOOH yIOKEH
HEIIPOHUIIAEMBIN DKPaH.
[IpenBaputenbHO paccurTaeM NpoHUIIaeMOCTh rpyHTa Co:

Co= sz/q,
rme
vo=0,01 CMz/C;
C =M= 0.6-107%
5.8 (em?) = 0,6 010 (M?) = 0,6 napcw.

Jlnnamudecknii kodddurment Bosayxa £ [118 - 10° Ma-c, par = 0,98 - 10° IMa (1 atn), P =
0,94 - 10° Ia (9,6 M Box. CT.); Iy IM, = 0,15/5 = 0,03. ITo puc. 104 naxomum ¢ (0,03) = 0,09.
Torna

_0,6:10™ {098 -094°

10°
s 18-10‘5[ 098

IIa - 0,09 = 0,000 08 M>/c.
[ToHBIN TPUTOK BO31TyXa B IpeHaX paBeH Qy; = 600 - 0,18 = 108 n1/4.
6. THIPABJIUYECKHE PACYETBI JPEHAKEN

6.1. I'mapaBiuyeckre pacyeThbl peHakel BKII0YA0T B ceOsl:

B TOPHM3OHTAIBHBIX JpPEHAaXaX - OINpEJCNCHHE BOJONPHEMHON U  BOJONPOMYCKHON
CIOCOOHOCTH TPYO, MOIO0P KPYIMHOCTH OOCHITOK;

B BEPTHKAJIBHBIX JIpEHAXKax - OMNpE/IeNEeHHE pa3MEepOB BOJOIPHEMHBIX OTBEPCTHH KapKaca
¢mbTpa, MoadOp ApeHAXKHBIX OOCHIITOK M pacyeT CUCTEMBI BOJIOOTBO/IA;

B IUIACTOBBIX M NPHUCTEHHBIX JAPEHAXaX - MOAOOP KPYMHOCTH W TOJNIIMHBI (DUIBTPYIOLIHX
NOCTEJICH U MIPU3M, a TAKXKE ONPECTICHHE UX BOJONPOITYCKHON CIIOCOOHOCTH;

B BEHTWIAIMOHHBIX JpEHakaxX - MOA0Op KPYIMHOCTH 3achIIKK B JpEHaX M OINpeesICHHE
TpeOyeMoii CKOPOCTH, TEMIEpaTyphl U BIaKHOCTH IPOTyBAEMOTO BO3AYyXA.
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PACUET BOJOMNPUEMHON CHOCOBHOCTH TPYE TOPU30HTAJIBHOI'O
JAPEHAXA

6.2. BonompuemHas 4YacThb TpyO0 TOPH3OHTAJIBHOTO JpEHAXa YCTpauBaeTcs B BUJE
CTIEUATBbHBIX BOJONPHEMHBIX OTBEPCTHH - KpYIJIBIX WJIM IIENEeBBIX B CTEHKaxX (B ciydae
acOOIIEMEHTHBIX, KEIe300€TOHHBIX M IJIACTMACCOBBIX TPYO) HMJIM 3a30pOB HAa WX CTHIKAaX (B
cydyae KepaMHuecKux TpyO). B mepBom ciydae HE0OXOAMMO Ha3HA4YUTh GOpMY U pasMep
OTBEPCTUH, OMPEAETUTh MX KOJMYECTBO M CXEMYy pPa3MELIeHHsS Ha MOBEPXHOCTU TpyObl. Bo
BTOPOM CIydae IpOBEPseTCs pa3Mep 3a30pa B CTHIKaX Ha BOJOIPONYCKHYIO CIIOCOOHOCTH [42].

Puc. 120. Cxema ucteuyenusi QuabTPANUOHHOIO MOTOKA Yepe3 KPYrJjioe OTBEpPCTHE B CTEHKe
APEeHaKHOH TPYObI

1 - cTeHka TpyOBbI; 2 - YpPOBEHb TPYHTOBBIX BOA; 3 - JIMHHUHU TOKA; 4 - 00CHINKa; 5 - ApeHHpyeMblit rpyHT; Ny - moTepu
Haropa B oOcblIke; Ny, - HoTepy Hanopa pH UCTEYEHUHU Yepe3 BOJONPHEMHOE OTBEPCTHE

Puc. 121. Cxema ucredenuss GUIbBTPANMOHHOIO NMOTOKA 4Yepe3 BePTHKAJIBbHYI IIeJb B
CTeHKe TPYObI
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1 - crenka TpyOBI; 2 - 00CHINKA; 3 - JMHUU TOKA M SKBUITOTCHIMAJBI (DHIILTPAIHOHHOTO TIOTOKA; 4 - IeHCTBUTEIbHAS
TOBEPXHOCTh (PHIILTPAIIMOHHOTO MMOTOKA; 5 - pacdeTHast TOBEPXHOCTh PHIIBTPAIIMIOHHOTO 00TOKA

JnameTp Kpyriblx OTBEpCTUI NPUHUMAIOT paBHbIM 1 - 1,5 ¢M, mIMpHHY 1IEIEBOro Nponuia -
0,5 - 1 cMm. B acOomemMeHTHBIX M TIJIACTMACCOBBIX TPyOax OTBEPCTHS MPOCBEPIMBAIOT HIIH
NPONMINBAIOT, B OCTOHHBIX U JKEIE€300€TOHHBIX TpyOaX OHH BBIMOJHSIOTCS OJHOBPEMEHHO C
u3rotoBieHueM Tpyo. Jlig asTOro B MecTax pa3MEIEHHs OTBEPCTUH  3aKia/bIBaroT
IpOMacJeHHbIE JepeBSIHHbIC MPOOKU, KOTOpPHIE YIANSAIOT TOCJE CXBAaThIBaHUS OETOHA, B 3TOM
ciydae I1uameTp OTBEPCTUM MPUHUMAETCS PaBHBIM 2 - 2,5 CM.

OTBepcTHs pacroyiaraioT B IIaXMaTHOM MOPSAKE MO0 BEpXHEH U OOKOBOW 4acTsaM TpyO.

Kareropuuecku 3ampeniaercs npoOUBaTh BOAOIPUEMHBIE OTBEPCTHS B CTEHKAX TPYO.

KonnuectBO BOJONPUEMHBIX OTBEPCTUH  ONPEAENAETCS THUIPABIUYECKUM  PACUETOM,
OCHOBAHHOM Ha TOM, YTO IIPU UCTEUEHHUH BOJbI U3 (PUIBTPYIOLIEH OOCHINKH Yepe3 OTBEPCTHE BO
BHYTPEHHIOIO MOJIOCTh TPYOBI HaOMrOMar0TCst moTepu Hanopa Ny (puc. 120), koTopbie HE JODKHBI
npesbimath 0,5 - 1 cm [42].

KomnnyectBo oTBepcTHii Ha €qUHMILY JUIMHBI TPYOBl (Hampumep, Ha 1 M) ompenensercs o

dbopmyie
n = g/ uFo V28 | (190)

rje ( - IPUTOK BOJABI HAa €IWHUINY IIUHBI ApeHbl; [§ - koadduuumenT pacxoma orseperus; Fo -
IUIOINAAb OJJHOTO OTBEepCTHUs (WK 1iein); Ny - moTepy Harmopa Mpu UCTECUCHUH W3 OTBEPCTHS; { -
YCKOPEHHE CUJIBI TSKECTH.

Kosddunment pacxoma [§ 3aBucut or umcina Re u orHomenus di7/to, tie to - amamerp
OTBepCTHS (MW IIMPUHA KOPOTKOM IIENH, PACTONOKCHHOW BIIOJIb OOpa3yroIier IpeHakKHOU
TpyOBI, T.e. TOpPHU3OHTANBHO); 17 - AMAMETp 4YaCTUI[ CJIOSI OOCHINKH, TPHUJICTAOMEH K
BOJONIPUEMHON MOBEPXHOCTH, COOTBETCTBYIOIIMA 17 %-HOMY COAEpKaHUI0 UX HAa KPUBOU
pPacyeTHOTO TPaHYJIOMETPUYECKOrO cocTaBa. B pacdeTHBId CcOCTaB OOCHIIKM BKJIIOYAIOTCS
dbpakuuu oocwinku kpymHee 0,41p.

Yucno PeitHonbaca npeacrasnseT co0oii 6e3pa3MepHbIil KpuTepuit

Re = to¥ %% |y, (191)

rae [ - xunemarnueckuii KO3()GUIMEHT BA3KOCTH (DHIBTPYIOMIECHCS BOJBI, TIPH TEMIIEPAType
rpynToBbIX Box 10 [IC MoskHo mpunsts (1= 1,31 - 10° M?/C.

3HavyeHus KodpuuueHTa pacxoaa L NpuBeAcHbI B Tadm. 36.

Taonuma 36
di7 /t
Re 04 0,65 1 15 2 3 4 6
10° 033 027 021 033 04 0.48 051 055
10* 0,31 0,25 02 033 04 0,48 0,51 0,55
5.10° 0,28 0,24 019 0,32 04 0,48 05 0,55
2.10° 0.22 0.2 017 0.29 036 045 048 053

6.3. IIpu ycTpoiicTBe BOAONPUEMHBIX OTBEPCTHI B BHUJEC BEPTHUKAIBHBIX IEJICH-TIPONUIIOB B
OOKOBBIX TOBEPXHOCTHBIX TpyOax ATH IIEIM padOTaOT Kak BojochuBbl (puc. 121). B stom
cllydyae KOJMYECTBO BOJOIPUEMHBIX OTBEPCTHH HAa €IMHUILY JJIMHBI TPYOBI OmMpeaessieTcs Mo

bopmyie

n =l Cto Hy V287 | (192)

rae on - Kodhduuuent noaromienus, Lf = JI- 5, 1A, (1 + Hy/Hy); Hy u H, - npessliieHue
ypOBHH BOJAbBI HAI HOpOFOM IICJIN COOTBETCTBECHHO BHyTpI/I TPYGBI 1 HAa BHCIIHEM €€ KOHType.
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Puc. 122. Cxema K oueHKe NMOTePb HANMOPA NPH ABUKEHUHU BOAbI B 00CHINKE BA0Jb TPYObI
OT C€pEeAMHBI 3B€HA K 3a30pamM
1 - ypoBeHb BozbI B TpyOe; 2 - MOBEPXHOCTH BOJBI B (GDHILTPYIOIIECH 00CHINKe; 3 - KOHTYP OOCBINKH; 4 - CTBIKOBOM

3a30p;, hd’ - NOTEpU HaAIlopa Mpu ABUIKCHHUU BOJbI B 00CBINKE K 3a30py; ho - HOTEpH HAIoOpa Npu UCTCYHCHUU BOIbL
qepe3 3a30p

Taomnuma 37
Re dys/to
0,6 1 15 2 3 4 6 8
10° 0,13 0,11 0,18 0,22 0,29 0,34 0,4 0,42
10* 0,12 0,1 0,18 0,22 0,29 0,34 0,4 0,42
5.10° 0,11 0,1 0,17 0,23 0,3 0,35 0,41 0,43
2.10° 0,07 0,06 0,12 0,17 0,24 0,28 0,34 0,36

3naueHuss Kod(h(UIMEHTa pacxoja L BEPTHUKATHHOW MIENN-BOJOCINBA B TOHKOW CTEHKE
npuBelcHbl B TaOm. 37, o 3aBUCUT OT OTHouIeHUs Oys/ty m umcna PeiiHonbaca, KoTopoe
HAXOJUTCSI IO COOTHOIICHHUIO
g, py, (193)

[Tapametp Ops sBISETCS XapaKTepHBIM I[OKA3aTelieM MOPOBOM CTPYKTYphl Marepuaa
(GMIbTPOBOM OOCHINKKM BOJIM3M BEPTHUKAIBHOM IIENU U OINpENeNsieTcss U3 PacyeTHOro COCTaBa
OOCHITIKY (MJTM TTPUMBIKAIOIIETO K OTBEPCTUIO TPYHTA), BKIIFOYaroniero ¢ppakmuu kpymnaee 0,61.

6.4. TumpaBmuveckuié pacyeT CTHIKOBBIX 3a30pOB MEXAYy TpyOamMu, SBISIOIIUXCS
BOJIOTIPUEMHBIMH OTBEPCTHSIMU, BBIMOJHACTCS MPH YCJIOBHM, YTO TMPH JBUKCHUU BOIbBI B
00CBITIKE OT cepeuHBI TPYOBI (MM 3BeHa TPYO) K 3a30paM IPOUCXOAAT moTepu Hanopa hy, (puc.
122), xoTopble HE JOJDKHBI MIPEBBIIATH AOMYCTUMBIX (Ng)qon, IPUHUMAEMBIX PaBHBIMH 3 - 5 CM.
Ormpenenenne noteps Haropa hg BeimonHsercs mo Gopmyne hy = qL? 18kyF¢, THE ¢ - mpUTOK
BOJIbl HA €JIMHMITY JUIMHBI IpeHaxa; L - mnuHa TpyOsl; Ky - Koadduiment GpuibTpauu 00ChIIKY;
Fp - muomans QuiIbTpalMOHHOIO MOTOKA B OOCHINKE. BpraucneHHyro mo 3toi (opmyine
BenuunHy hy cpaBHuBator ¢ (Ng)non. Ecm hy 0 (Ng)son, TO 3a30pbI MOXKHO HCIIONB30BATH AT
npremMa BOJIbI B JpeHaXHYI0 TpyOy. [Ipum 3TOM HEoOXOAMMBIA pa3Mep 3a30pa ONMPEACISIIOT IO

dopmyne
F, OqL/u ¥ 28% |

rae F, - mwuomans 3a3opa HIKE YpPOBHS BOABI B Tpybe, o - Kodh(dUIMEHT pacxoja,
MpUHUMaEMbIi 1o Tab. 37.

Re = O_n tO

Ecmu hy > (Ng) 101, TO BMECTO 3a30pOB CIEAYET IPETyCMaTpUBATh YCTPOICTBO BOJOIPUEMHBIX
OTBEPCTHI.

PACUYET BOJOIMPUEMHOMN CIOCOBHOCTHU TPYEO®UJIHTPOB

NormaCS® (NRMS10-04869) WWw.normacs.ru 20.05.2010 13:11



IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

6.5. Pacuer BomompueMHO#Hl CIOCOOHOCTH TPYOOPUIBTPOB W3 MOPUCTOTO OETOHA
3aKJIIOYAETCS B OIICHKE MOTEPh HAropa B CTEHKE TPyOO(UIbTpa B 30HE KOHTAaKTa TPYOOPHIbTpa
C IPEHUPYEMBIM TPYHTOM WJIH CJI0€M OOCBITKH.

[Torepu Hamopa B cTeHKe TPyOOPHIBTPa KPYIJIOT0 CCUCHHS OMpeaAesioTes mo Gopmyie [41]

R, R R R
M, =a—Lln R—lgw R—l—l —1o.
ah 2 2 th (194)
rae Ry u Ry - Hapy»KHBIN U BHYTPEHHHU pagnychl TpPyOO(pHIbTpa COOTBETCTBEHHO; Q - IPUTOK
BOJIBI K JIPEHE; (@ - IUIOIAJb BHEUIHEW MOBEPXHOCTH TPYOOPHIBTpa, K KOTOPOW HpPUTEKAET
pacxox Q; a u b - koapuIHEHTH PUIBTPALIMOHHBIX CONMPOTUBJICHUH B IIOCKONAPAIUICITEHOM

MOTOKE, MPUHUMAEMbIC B 3aBUCUMOCTH OT cOcTaBa 0eToHa TpyoomibTpoB mo Tabdi. 38.

[Inomans mMOBEpXHOCTH TpyOuaTOW JApeHBl @, K KOTOpOM mpurekaer pacxox Q,
onpenensiercs o Gopmyne an = Ri@ L, tne L - qnuHa IpeHsl; ¢ - yroa pajauaH, 3aBUCAIIANA OT
rIIyOHHBI HAMMOJIHEHHUS TPyOOGUIbTpa Boa0# (puc. 123).

OOmue moTepu Haropa Ha BHEIIHEM KOHType TpyOdaTOW IpeHbl M3 MOPUCTOro OETOHA B
YCIIOBHSAX €0 KOHTAKTA C HECBA3HBIM IPYHTOM PACCUMTHIBAIOT IO (hopMyiie

F
af In e 8
B g 2
Mg, =|l——+ = |0+ o,
ah ah
| 1 (195)
rne [ wm [{ - xo>hUuMEHTH KOHTAKTHBIX (UIGTPALMOHHBIX CONPOTHBICHHUN. DTH
COIIPOTHUBIJICHUS] BO3HUKAIOT HAa KOHTaKTe MaTepHaja OOCBIIKM M TPYOO(QMIBTpa M 3aBUCAT OT
P ; mop D
dsy { Lsy , dsn .

CTPYKTYpPHOTO OTHOIICHHUS riae JaMeTp 4YacTWIl, MEHbIIE KOTOpOro B

uccienyeMoM rpyHre conepxkurcs 50 % gacTun mo macce; Dg® JAaMETpP MOp B IOPUCTOM
6etonHe, cooTBeTcTBYOMUN 50 %-HOMY Coep)KaHHMIO HA UHTErpalbHON KPUBOH pacrpeseseHus

de  DoF
nop mo pasmepam. 3HaueHHsh KOIDDHUIMEHTOB o, [ “s0, s
COCTAaBOB MOPUCTOTO OETOHA MPHUBEICHHI B Ta0JI. 39.

JUIsL Pa3iIU4HbIX IPYHTOB H

¥. Pon .

| ‘ [

61 -

5 - /7
a P

Ip— 1T

2} — =
1 -+ r

R

010203904 05 0607 0809 1
w'd

Puc. 123. I'papuk 3aBHCHMOCTH YIJIa @ OT OTHOCHTEJIbHOW IJIyOMHBI HAINOJHEHUS
Tpy6oduabTpa Boxoii (h/d)

Taoaxuma 38
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TCPPUTOPUAX
Conepxanue C »KaHHE KOMIIOHEHTOB IT (bplf;s;b (EHPLII ngzlx
3anoyHuTens, %, ¢ Cocras onep 3 ¢ KOMIOHEHTOB, peact PaloHHE
. KT, Ha 1 M° CBEXKEYJIOKCHHOTO NPOYHOCTH | COPOTUBJIEHUH B
pasmepamu (pakimid, | 6eToHa BogouementHoe
MM o Octona oTtHouienue, BI] P bopmyze
’ CHKaTUH, J=av + bv?
5- | 25- ] 1,25- | M2¢ce MITa o ol
10 5 25 LIEMEHT | 3amoJHUTEIL | BOa a, c/em | b, c/em
100 - - 1:7 203 1421 73 0,36 7,06 0,118 0,193
100 - - 1:8 176 1410 67 0,38 5,78 0,141 0,186
- 100 - 1:7 196 1370 63,3 0,32 7,45 0,387 0,419
- 100 - 1:8 171 1370 60 0,35 6,18 0,328 0,388
50 50 - 1:7 205 1430 71,5 0,35 8,43 0,262 0,432
50 50 - 1:8 180 1435 63 0,35 6,76 0,309 0,384
- - 100 1:7 196 1370 90 0,45 7,35 0,969 0,903
- - 100 1:8 171 1370 83 0,49 6,08 1 0,788
- 50 50 1:7 196 1370 73 0,37 7,84 0,715 0,782
- 50 50 1:8 171 1370 69 0,4 6,37 0,693 0,754
33,31 333 | 33,3 1:7 196 1370 65 0,33 8,04 0,767 0,847
33,31 33,3 | 333 1:8 171 1370 61,5 0,36 6,86 0,679 0,71
Taonuma 39
CocTaB 3a10JIHUTENS IOPUCTOro OETOHA (JJ0 YepThl) U~ *  (1oce YepThl), MM
Kpymiocts 5-10,245-5 [ 1,25-25/1,66 | 1,25 - 2,5/2,09
JacTHIL] 5-10/3,54 2,5-5/2,32 125-25/1,05 | —————— o0 e 0T Ee
TpYHTa, MM 2,85 25-5 25-55-10
O B 22 B O P 22 P 22 B O P
7-10 - 0,24 1,34 0,37 0,07 0 0,49 0,3 0,7 0 1,14 0
5-7 0,4 0,32 2,06 1,14 | 0,28 0,88 1,54 | 0,99 1,26 0,18 224 | 0,24
3-5 0,62 0,83 1,26 144 | 2,71 4,93 2,03 1,26 1,32 1,23 2,65 0,8
2-3 0,78 0,87 2,77 0,33 6,17 11,1 2,21 2,2 2,13 1,53 3,19 | 0,22
1-2 1,97 0,88 2,06 1,88 | 4,39 6,53 2,14 1,78 3,18 1,92 3,76 1,85
05-1 5,64 4,7 7,97 13,6 - - 1,78 9,6 5,562 2,27 3,28 16,3
0,25-0,5 73 4,93 - - - - 490 | 44,6 20,5 16,8 9,01 -
0,1-0,25 - - 10,01 | 94,96 - - 12,82 (237,96 34,08 | 282 - -

[Ipumevanue.3HaueHus kodpuuunenra o, aausl npu t =10 °C.

ITorepu Hanopa Ha KOHTYpE IPEHBI, BHITOJIHEHHOW B BUJIE IOPUCTHIX IUINT, ONPEAEISAIOTCS 110
bopmyie

{
Ch=(al+a) F + (0l +B) (QIF, (196)
rae | - mmHa mytw QuIbTpanMu MOTOKA B IUIMTE M3 IMOpUCTOro Oerona; F - muromaznm

HOBEPXHOCTH IUIMTHI, K KOTOPOM M3 ILIacTa MOCTymaeT mputok Q; mapamerpsl a, Lf, b, [
npuBeneHsl B Ta0n. 38 u 39.

PACYET BOJONPUEMHON CIIOCOBHOCTH BEPTUKAJILHOI'O TPEHAKA

6.6. Bb16op, KOHCTpYHpPOBAaHUE U YCTPOHCTBO (DPUIBTPOB CKBAKHUH BEPTUKAIBHOTO IpEHAXa
3aBUCAT OT THUIPOTEOJOTMYECKUX YCIOBHI pabOThl CKBaXUHBI, €€ KOHCTPYKIIMH, XapakTepa
BOJIOOTOOpA, MApaMETPOB BOJIONIOABEMHOI0 000py10BaHUs U Jip. THUI U KOHCTPYKIMIO (GHIIBTPa
PEKOMEHIyeTCsl BERIOMpPATh B cCOOTBETCTBHH ¢ TpeOboBanusimu CHull 2.04.02-82.

Huametp ¢uibTpoBoro xapkaca npuHumaercst He MeHee 100 - 150 mm. J{nuna ¢unstpa B
OJTHOPOJHBIX BOJOHOCHBIX ILTacTax MOmHOCTRI0 M < 10 - 15 M npunumaercs pasuoii (0,8 - 0,9)
MOITHOCTH; (QUIJIBTP yCTAaHABIMBACTCS HA paccTOSHUU He MeHee 0,5 - | M OT KPOBJIH U MOJIOIIBEI
macta. [Ipu momuocTy mmacta m > 10 - 15 m aymna unbTpa onpeaensercs: GUiabTparuOHHBIM
pacuyeToM B 3aBUCUMOCTHM OT MPOU3BOJUTEIFHOCTH JIPEHAXHOM CKBaXHHBI, XapakTepa
MIPOHUIIAEMOCTHU TIOPOJI B pa3pe3e U IMAPOXUMUUECKHUX YCIOBHI.

NormaCS® (NRMS10-04869) WWw.normacs.ru 20.05.2010 13:11




IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

B 0e3HanopHBIX BOAOHOCHBIX IUIACTaX JJIMHA (HUIBTPA OMPEICISCTCS C yYEeTOM MOHWKEHHS
JMHAMUYECKOTO YPOBHS BOJABI B CKBa)KHHE, B 3TOM ClIydae MOIIHOCTb M =~ he - So/2, tae he -
NIepBOHAYAIbHAST MOIIHOCTh OE3HANOPHOTO IUIacTa, Sp - NMPOEKTHOE IMOHW)KEHHE YPOBHS B
CKBa)KHHE.

6.7. Pasmep BOAONPUEMHBIX OTBEPCTUH (HUIBTPa BEPTUKAILHOIO ApPCHa)Ka HA3HAYAIOT C
y4EeTOM TPaHyJIOMETPUYECKOTO COCTaBa IOPOJ BOJOHOCHOTO TOpH30HTAa. Pa3zmepbl oTBepcTHil
¢mIbTpa BEIOMPAIOTCS B COOTBETCTBUHU C TaHHBIMU Taod1. 40.

Ycnosusie obo3HaueHus: rae K, = dgo /dip - Ko3bduUIHEHT HEOTHOPOIHOCTH TOPOABI; U1p,
dso, deo - pa3mMepsl yacTHIl, MEHBIIIE KOTOPBIX B ApeHUpyeMoi mopoe conepxurcs 10, 50 u 60 %
Ha KPUBOMW 36PHOBOT'O COCTaBa.

Tabanuia 40
Pexomen ryemble pasMepbl 0TBepCTHil puibTpa
Tun ¢pmieTpa K. <2 K. >2
C xpyruoii iepdoparmeit 2,5 - 3 dso 3-4ds
Ceryarslit 1,5-2ds 2-25ds
C wieneBoit mepdopanueit 1,25-1ds 1,5-2dg
IIpoBostounHbIi 1,25 dso 1,5 ds

Pasmep oTrBepcTuil GpuiIbTpoBOro Kapkaca MOXKET OBITh TakXke paccuuTa 1o ¢opmyne Dy =
{DsolA, Tne Dy - pasmep orBepctuii ¢punbrpa; Dso - cpennuit auamerp 9acTun oOCHITKH; A -
kod(durmeHT (GOopMBI  OTBEPCTHI, XapaKTEPU3YIONMIUN YCIOBHS CBOJOOOpA30BaHUS IS
Pa3TUYHBIX TUTIOB (PMIIBTPOB, IPUBEICH HUXKE:

OuUILTP ¢ KPYIJIBIMU OTBEPCTHIMU 1-12
@uUIbTPhI U3 IITAMIOBAHHOTO JINCTA U CETYATHIE 1,2-15
[[{eneBbie GUABTPHI 15-2
[IpoBonouHBIEe GUITBTPHI 2-25

B Tex cmywasx, Korma HET BO3MOXHOCTH IOAOMpaTh KOHCTPYKIHUIO (QHIbTpA,
HEMOCPEJCTBEHHO HCXO/AS U3 COCTaBa JPEHHPYEMOIO HECBSI3HOTO TpPYHTA, a TaKke Ui
YBEJIMYCHUS BOAONPHUEMHON CIIOCOOHOCTH (MIBTpa W IPEHUPOBAHUS CIAOOMPOHUIIAEMBIX H
cy(h(H0o3MOHHBIX TOPOJI, MPUMEHSIOTCS (PUIBTPHI C TPABUWHON 3aCHIIKONW, KPUTEPHUH M METOIUKA
noa0opa KOTOPBIX pacCMaTPUBAIOTCS OTACIBHO.

CKBa)XHOCTB TPYOUaTHIX (PUIBTPOB C KPYIJION WM 1ieneBoi nepdoparueii qomkHa ObTh 20 -

25 %, ¢buabTPOB M3 MPOBOJIOYHONH OOMOTKHM HJIM IITAMIIOBAHHOTO CTaJbHOIO JIMCTA - HEe Oosee
30 - 60 %.

NOABOP JPEHAXKHBIX OBCBITIOK JTPEHAKA

JlpeHaxHbple OOCBINKH JIpeHa)XeW MOJOMPAIOTCS B 3aBUCUMOCTH OT COCTaBa JIPEHUPYEMBIX
rpyHTOB [42, 44].

ITonGop 00cHIMOK rOPHU30HTANBHBIX APEHAXkKell B HECBA3HBIX TPYHTAX

6.8. Tlombop cocraBa ApeHaXHBIX OOCBHIIOK B HECBSI3HBIX TpyHTax [44] HaumHaeTcs C
ompeneneHuss ux cypdoznonneix cBoicTB. OueHka Ccy(p(O3UOHHBIX CBOWCTB TI'PYHTOB
MPOM3BOJUTCS MO pa3Mepy MaKCHMMAIbHOTO (UIBTPAMOHHOTO Xoia B rpyHte do" H
MHHUMAIIHOMY JHaMeTpy 4acTull dmin [44]. Juamerp MakcuMabHOTO (DMIIBTPAIIHIOHHOTO X012

B I'PYHTC HAXOJUTCA 110 3aBUCUMOCTHU

d =z e = 045587, p = 280
1-#n @1y (197)

rmex=1+0,05-hnopu n<25;x=0,35(3 + %-E)npn n>25.
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3nech X - KO3QQHUIMEHT HEPaBHOMEPHOCTH PACKIAJKH YacTUI[ B TPYHTE; # - MOPUCTOCTD
TPYHTA; 77 - KOIGOHUIUCHT pa3sHO3ePHUCTOCTH TpyHTa; Ugo M Oig - TMAMETPHI YaCTHI, MECHBIIE
KOTOpBIX B IpyHTe conepkutcs 60 % u 10 % cooTBETCTBEHHO.

['pyHT cunrtaercs cyho3noHHBIM, eCITU

0,77d0max > dmin; (198)
U Hecy(PPO3HOHHBIM, eClin
0,77do™ < dmin. (199)

I'pyHT MOXHO cUMTaTh NPAKTUUYECKH HeCy(p(O3MOHHBIM H B TOM Cilydae, KOrja
YIOBJIETBOPSIETCS YCIIOBHE

ds M
— G . . .
Sl (1+0,05 7)) ——.
diz >N;N=0,32 [ ) 1-#n (200)

Jonyckaemoe 3HaueHHe KOI()(UIIMEHTOB PAa3HO3EPHUCTOCTH MarepHuaia s APEHaKHBIX
OOCBITIOK B HECBSI3HBIX TPYHTAX HE JJOJKHO MTPEBBIIIATH:

JUI APEHUPYEMBIX HeCy(P(PO3HOHHBIX TPYHTOB

U@HOH = Dgo/Dlo |:|25, (201)
JUTSL APEHUPYEMBIX Cy(P(hO3MOHHBIX TPYHTOB
77(1);[011 = D50/D10 O 15; (202)

Ko umuent Qpuibrpanuu MaTepuana JPeHaKHONH o0ChImkn Ky T0IKEH COOTBETCTBOBATh
YCIIOBHIO

ky™" > (2 + ﬁx@) Kr. (203)
rae K - ko3 durmenT GuibTpauyu APSHUPYyEeMOoro TpyHTa.

6.9. B cirydae Hecyhho3noHHOTO JIPECHUPYEMOTO rpyHTa ompeneneHne
TPaHyJIIOMETPUYECKOTO COCTaBa MEPBOTO CIOS APEHANKHON 00CHITKH Hecy(h(Po3nOHHOTO cocTaBa
MIPOM3BOJIUTCS CIETYIONIIM 00pa3oM.

Bhauanie HaxoquTes AUaMeTp cBO000pa3yromux qacTuil rpyHTa der. st aToro mo rpaduxky,
MpPEACTaBICHHOMY Ha puc. 124, mo W3BECTHOMY 3HAa4YeHUIO KOA(QHUIMEeHTa pa3HO3EPHUCTOCTH

Aty
TPYHTa 7J; OMpEIENsieTCs PacueTHOE COJIEP’KaHHuEe CBOJ000PA3yIONMUX YACTHII T . 3aTem 1o
WHTETPAJIbHOW KpHMBOM TrpaHcocTtaBa TpyHTa (puc. 124, kpuBas [) C HCHOJIb30BAaHUEM

Py
MOJTYYCHHOW BETMYHHBI 2 HAXOJUTCS JTHAMETP CBOA000pasyromux dactui] rpyHTa . s

L e
3TOTO Ha ocu oy (puc. 126) oTkmanpiBaeTcs 3HAYCHUE 1 U TIPOBOJUTCS TOPU3OHTAIbHAS
JUHUS 10 KPUBOM rpaHcocTaBa rpyHTa (KpuBasi /), abcIiucca TOUKU NepecedeHHsl 1aeT 3HAYCHHE

JHaMeTpa CBO000pa3yroIInuX YacTUIl TpyHTa d.
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Puc. 124. TIpapuxk “= = f (7)) nas onpegeneHuss pacueTHBIX Pa3MepoB
CBO1000PA3yIOIIUX YACTHI[ TPYHTA J¢p
| - obnacte BeIOOpa pacuyeTHbIX 3HaueHUH O A1 QuIbTpoB U3 webeHouHoro marepuana; Il - o6macTe BeIOOpa
pacueTHbIX 3HaYeHHH U, A1 GUIBTPOB U3 MECUAHO-TPABHHHO-TaJICYHHKOBOTO TPYHTA
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Puc. 125. I'pajpux ng = f (yy) AomycTHMOH MOPHCTOCTH TPYHTOB, YKJIAJAbIBaeMbIX B
oOpaTHble GUIBTPBI

| - obmacTh meOGeHOYHBIX TPYHTOB; || - 007acTh MecyaHO-TPaBUHHO-TAICYHUKOBBIX TPYHTOB
100 -~
[ ‘L i j
1
o0
Y
8 i
' 1
= 1
0 "
3 [ag=022uu (
s

w?

COAEPKAHWE YACTHU, %
v 2 & 2
A |
Hga = 1035 maw

;! I *
l ¥ s‘_ o
2y /e [ e
S -1
] / é
R
10 b A
] 11 N _
0o1 003 005 0. 08 1 3 & 10 20 30 so 70l

AMAMETP YACTIL, MM

Puc. 126. I'paduk 3anpoeKTUPOBAHHOIO cocTaBa GUIbLTpPa

I - rpyHT ApennpyemsIit; | - «30HA JOMYCTHMOTO TPaHyIOMETPHIECKOTO COCTaBa TPYHTA, IPUTOAHOTO IS YKIa KN
B TIEPBBIN CJIOH IpeHakHOH 00chIkm»; PK - pacueTHast kpuBast

Hcxonast U3 MOJIydeHHOTO pacdyeTHOro 3HadeHus O.. HaxXOomsaT D'17 IIEPBOTO CJI0S APEHAXKHOM
OOCBITIKH

1 _ 1 _1 T My
17 [=
0.252ef5, 7 (208

ITpu 5TOM MOPHCTOCTH NMEPBOTO CNIOS APEHAKHOM OOCBHIIKHU Ng MPUHMMAETCA B 3aBUCUMOCTHU
oT ero koddduuuenta pazHosepHucToctd [ 1o rpaduky, NpeacTaBieHHOMY Ha puc. 125.
I[anee II0 3aBUCHUMOCTH HaAXOOAT MHUHUMAJIBbHO HOHYCTHMBIﬁ AUaMCTPp YacCTull B IICPBOM CJIOC
JTPEHAKHOU OOCBITTKH

I
o= iy T x =1+ 1281z 7,
1+ ':U:lpl?:'xﬁ_
Ty (205)

rae P17 - mporieHTHOE CoMepKaHme YacTHIl IO Macce, UMEIOITUX TUaMETP MEHBIIIS D'17.

3aTeM 110 3aBUCUMOCTH

-1
Df =Dl |1+ 01 By |2

T )| (206)
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3anaBasich pa3nuyabME 3HaYeHusMu P = 10..., 20..., 100, onpeaensitoT rpanyIoMeTpUYeCcKHii
COCTaB IPyHTa MEPBOTO CIOSI IPEHAKHOM OOCHITKH.

I[Ipu mnoxbope rpaHYIOMETPUUYECKOTO COCTAaBa JPEHAKHOM OOCBHIIKKA  JIOIYCKArOTCS
HeOOJbIINEe OTKJIOHEHUS OT pacyeTHOM KpPUBOM B mpelenax 30HbI  JIOMYCKaeMOIo
IPAHYJIOMETPUUECKOr0 COCTaBa I'PYHTA, IIPUTOJHOTO Ul YKJIAAKUA B IIEPBBIM CIOW IPEHAXHOU
OOCBINKH, KOTOPYIO CIEAYyeT Ha3HAYUTh TaK, 4YTOOBI pacueTHasi KpHuBas Obljla OTpaHMYEHa CHU3Y
KacaTeJbHOM K KpUBOHM, Ipoxojsuied depe3 TOUKY Dmin. BepxHss rpanuna 30HbBI A0JKHA
NpOXOIUTh 4epe3 TOUKY Dmax M Ha 3 % Bbime Touku Dip 10 THpuUMBIKaHUS K JIMHUH,
NepeceKarolIeiicss ¢ pacyeTHOM KpuBod Ha ypoBHe Pj = 6 %. DOTta nuHUSA OrpaHUYUBAET
CoJIepKaHNe B MaTepuae ApPEeHaKHOM OOCBHIITKKA MEIIKHX IMbLTEBAThIX (pakiuii (cM. puc. 126).

Koaddunment punprpanuu mogo0paHHOTO MEPBOTO CIIOS TPEHAKHOW OOCHIITKH MOKET OBITh
omnpenenen 1o ¢popmyie M. I1. [TaBunua [44]

4' ':I':_I H; I‘E
k= 3,||' I
y T (1_%}2 17

rae ¢ - KodDPuIuMeHT, yduThBalOmMK (GOpMY W MIEPOXOBATOCTh (paKIMKM TPYHTA: IS
MeCcYaHO-TAJICYHUKOBBIX TPYHTOB ¢ = 1; mist meGenounsIx TpyHTOB ¢ = 0,35 - 0,4.

cM/c; (207)

AHaJOTUYHO MEPBOMY CIIOI0 TIOJOUPAETCS] COCTaB BTOPOTO M MOCIEAYIONIEro CIOEB, MPHYEM
TOJIIIMHA Ka)KI0r0 CJI0S JOJKHA OBITH 0oJbIe SDgp, HO He MeHee 200 MM.

Mexny cpeaauM pazMepoM dacTul] Dsy ciiosi 0OCHITKH, HEMOCPEACTBEHHO MPUMBIKAIOIICH K
BOJIONIPHEMHON TMOBEPXHOCTH JPEHAXHBIX TPYyO0 M pPa3MEpOM BOIONPUEMHBIX OTBEPCTHH
MIPUHUMAIOTCSI COOTHOIIICHHMSI, IPYUBEICHHBIE B Ta0I. 41.

Taomnuma 41
Pasmep BogonmpreMHOTO OTBEpCTHS TIPU KOIPDUITUEHTE
dopma BOIOTIPHEMHOTO OTBEPCTHUS pasHo3epHucToCTU [/
MeHee 2 6omee 2
prT.HaH (2,5 - 3) D50 (3 - 4) D50
leneBuanas (1,25 -1,5) Dgg (1,5 - 2) Dsgy

6.10. B cnyuyae cyddo3noHHOT0O ApeHHUpPYyEeMOro TpyHTa ONpPEIEICHNUE IPaHyIOMETPUIECKOTO
COCTaBa TIEPBOTO CJIOA JPEHAXHOW OOCHIMKA Hecyh(HO3MOHHOTO COCTaBa IMPOU3BOIUTCS
CIIEYIOIIUM 00pa3oMm.

[To W3BECTHBIM 3HAYCHHUSM MOPUCTOCTH 7, M KOd(hUIMEeHTa QUIBTPAUN K. BBIYHCISIOT
nuamerp  (pakumii O JIpeHUpPYyeMOro TpyHTa, KOTOpble MOTYT OBITh  BBIHECEHBI
(GWIBTPAMOHHBIM TTOTOKOM

dy= A2 gy 2L,
Ve, (208)

re [7= 1,1 - 1,25 - koopduimenT HageKHOCTH; Jp " - PaCYETHBI MAKCHMAbHBIA IPa{HeHT
Haropa B KOHTPAaKTHOM CJIO€ TpPyHTa C JpPEHAKHOW OOCHIMKOW  (OompeaenseMblid
THAPOTre0JOrHUeCKUMHE pacyeTamu); L§ - KodpPUIMEHT KPUTHIECKON CKOPOCTH, PABHBbIM

@ = 0,50 L= -1 3004+ 2
¥a - f. sin 8} (209)

rae 0 - yroia Mexay HalpaBlICeHUSIMU CKOPOCTH (UIbTPAIMM U CUJIBI TSDKECTH; ) - 0ObeMHas
Macca CKeleTa IpyHTa; % - INIOTHOCTh BOJBL; fx - mprBeaeHHBIN KOAPPUIMEHT TPEHUSL.

3HaueHus fx B 3aBUCHMOCTH OT apryMEHTOB 77 ¥ 7] IPUBEJICHBI Ha puc. 127.
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Ecnu nonyuennoe 3HaueHue Og < d3-5 04, TO paCUETHBIN TUAMETP CBOIO0OPA3YIOIINX YaCTHUI]

Aty
dcr ompenenseTcs Mo U3JI0XKEHHOM BBIIIIE METOJUKE C MCIIOJIb30BaHHEM rpaduka 2 f(m)
npu B-3 (puc. 124) u kpuBO# rpaHyIOMETPHYECKOTO cocTaBa rpyHTa. Eciu 3Hauenue dg > das
%, TO U¢r CIIeyeT onpeaensaTh o popmyie

42" =B dyso, rie B=3 -8 (Bep ~ 5). (210)

B nanbHeiineM pacyeT BBIMOTHSETCA TaK K€, Kak U Ui HeCy(PPO3MOHHOTO APEHUPYEMOTO
TpyHTA.

[MonoOpaHHyI0 1O H3JIOKEHHOH METOJIUKE JAPEHAXHYI0 OOCHIIKY Ui cyhdo3noHHOTO
JIPEHUPYEMOT0 TPYHTA CIIEAYET MPOBEPUTH HA HEKOJbMATUPYEMOCTh TEMH YacTUI[AMHU TPYHTA,
BBIHOC KOTOPBIX JIONYCKAETCS MPH YCIOBHM, YTOOBI OHM CBOOOJHO MPOHOCHIIUCH Yepes3
OOCBITIKY.

KpymHocTh BBIHOCUMBIX (DMIIBTPALMOHHBIM MTOTOKOM YaCTHI] U3 KOHTAKTHOIH 00JIacTH IpyHTAa,
HETIOCPECTBEHHO MPUMBIKAIOIIEH K MEepBOMY CJIOI0 APCHAXHOM OOCHIITKH, ONpEAEISETCS II0
3aBHCUMOCTH

dei = 0,32 d.r, mpu 9TOM dei < d3.5 05 (211)

UroObl BBIHOCHMBIC (UIBTPAIMOHHBIM TOTOKOM MEJKHE 4YacTUIbl TrpyHTa O He
KOJIbMAaTHPOBAJIU MIEPBBIN CIIOH IpeHaKHOM OOCHINKH, JOKHO BBIOIHITHCS YCIOBUE

DY | L1(1-ny)

44 W anc=045547 (212)
3HaueHHs A MPUBEICHBI HIKE:
Konsmatupyromue gacTuir, MM 0,01-0,05 0,05-0,25 0,25-0,5
ax 4 3 2,5
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Puc. 127. T'paduxk f« = f (7))

Ecnmu  nmaHHBIE YCIIOBHSL HE BBIMOJNHSAIOTCSA, CICAYeT HW3MEHUTh MPHHATHIA JHAMETD
CBOJI000pa3yomux yactuil, npuHsaB 0. = 0,61d ax,. [To aTomy 3HaYeHHIO O HAXOIAT HOBOE
snavenue D'17 u CTPOSIT HOBYIO KPHUBYIO TPaHYJIOMETPHYECKOIO COCTaBa IIEPBOTO CJIOS
JPEHaKHOW OOCHIIIKKA, KOTOPBIA OyIET YIOBICTBOPATH YCIAOBHIO HEKOJBMATHPYEMOCTH.
I/I3J'IO)KGHHYIO MGTOI[I/IKy CHeZ[yeT HpI/IMeHHTB, OlLICHHUBas HpI/II‘OZ[HOCTB HMCIOIIINXCS B HAJIMYUHUU
KapbepHBIX TPYHTOB WM MaTE€PHaIOB KaMHEIPOOHMJIBHBIX 3aBOJOB B KauyeCTBE IPEHAKHBIX
OOCHIIIOK.

IToxGop 00cHINMOK rOpMU30HTAJIBLHBIX IPEeHAKeH B CBA3HbIX IPYHTAX

6.11. Jlns mombopa OOCHIIOK TMPU JIPSHUPOBAHUHM CBSI3HBIX TPYHTOB PEKOMEHIYETCS
MoJIb30BaThCs pacueTHbIMU Tpadukamu B. C. Mctomunoii [42], mpeacTaBaeHHBIMU Ha puc. 128
u 129.
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Puc. 128. I'padpuxk nias moxdbopa mepBoro cjosi puiabTpa B CYIVIMHMCTBIX TPyHTax (c
AMCKOM IIACTUYHOCTH Wy, > 7) mpH J11000i cXeMe IBHKEHUSI BOAbI
.ﬂLf-
20 I
5 //

A 0BnACTH
10 > ]
/ ACHYCTHMMX
XAPAKTEPHCTHE
W
L ]
ol

2 4 & 8 H'M!n

Puc. 129. I'paduk njst nogdopa nepporo ¢jios puiabTpa B cynecYaHbIX IPYHTAX (C YHCTIOM
MJIACTHYHOCTH Wy, = 3 - 6) mpH 110001 cxeMe IBHKEHH S BOJbI

[TonGop OOCHIMKK NpU APSHUPOBAHWU CYTJMHHUCTBIX M TJIMHUCTBIX TPYHTOB C YHCIOM
IUTACTUYHOCTU 0oJiee CeMH HE3aBUCMMO OT XapakTepa MABM)KEHUS BOJbI IMPOU3BOJIUTCS C
UCTIOJIb30BaHUEM rpaduka Ha puc. 128, npu 1peHnpOBaHUH CyIECei ¢ YUCIOM IIACTUYHOCTH 10
Tpex - mectu no puc. 129. KoadduuueHt pa3HO3EPHUCTOCTH APEHAKHON OOCHITIKH HOHKEH
ObITH HE Ooubiie necsty, 1.e. 17 < 10.

Ecnu B kauecTBe QUIBTPYIONIETO MaTepHalia UCIOb3YETCs TaJeUHUKOBBIN MIIM TPABETUCTHIN
IPYHT C [ECYAHBIM 3aMoIHATEIEeM U Kodduumentom pasHosepuucroctu L [110 - 20 (7™ =
Deo/D1o < 50), To moadop mepBoro cjaosi APSHaKHOW OOCHINKH B CYTJIMHKAX U CYIECSX MOXKHO
BBIMOJHATH Takke Mo rpadukam puc. 128 u 129. Ognako mnpu 3TOM XapaKTEPUCTUKU CKEJIETOB
IPaBENUCTBIX U TAJIEYHUKOBBIX TPYHTOB C 775 = 10 - 20 mpupaBHMBAIOT K XapaKTepPUCTUKAM
IPABEIIMCTBIX MaTepuaioB 7y 110, T.e. [uIst 9THX ciiydaeB cieqyeT pa3ieInTh TPYHT Ha CKEJIeT
W 3aloJHUTENb, a Ha Tpadukax (cm. puc. 128 u 129) npuHumath D'soex = D'so 1 Noex = M-
Yactuiisl pazMepom MeHee | MM OTHOCSITCS K 3aIIOJIHATEII0, @ YaCTHIIHI 0osiee 1 MM - K CKETIeTYy.

[Mopsimox moxdopa crneayonui.

3amaroTcst KO3(PGUIMEHTOM Pa3HO3EPHUCTOCTH OOCHINKA B Mpeaenax aeciatu. [lpu stom
Kod(dUIMEeHTe Pa3HO3EPHUCTOCTU COrllacHO Tpadukam Ha puc. 128 u 129 B 3aBUCUMOCTH OT
TOT0, B KaKMX TPYHTax MPOEKTUPYETCS APEHaX, BHIOMPAIOT MpeAesbHbIe 3HAUYEHUS CPEIHEro
qmamerpa gacTui oochimky D'sy (B mpenemax o6IacTH TOMYCTHMBIX 3HAYECHHIA). 3aTEM CTPOST
TEpPBYIO TPAHHYHYI0 KPUBYIO 36PHOBOTO COCTAaBa OOCHIIKH ISk MEHHMAIBHOTO 3HadeHHs D'sp,
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3a/1aBasiCh MPU HTOM OPUEHTUPOBOYHO 3HAYECHUEM D'so, onpenenss D'y = D'so/ Ny ¥ IPpUHUMAas
D'max TaK)Xe OPUEHTHUPOBOYHO.

AHAJIOTUYHO CTPOSIT BTOPYIO KPHBYIO 3€pHOBOTO COCTaBa. ['pyHTBI, 3aKIIOYEHHBIE MEXKIY
KPUBBIMH, MOTYT OBITh IPUMEHEHBI JIJISl IEPBOTO CJIOSI IPEHAKHOM OOCHIIKU MPU YCIOBUH, YTO
7y PaBEH 3aJ]aHHOMY B HaJajle pacyeTa 3HaueHUIO.

[IpoBepka HPUTOJHOCTH TPYHTOB, MpEJHA3HAUEHHBIX I OOCHIIKH, MPOU3BOAUTCS IO
rpadukam Ha puc. 128 m 129. Ecnm Touka mepecedeHus: KodPGUIMEHTa HEOTHOPOTHOCTH
IPOBEPSEMOr0 TPYHTA M CPETHETO JUAMETpPa JIEKHUT B 007aCTH TOMYCTHUMbIX 3HAaY€HUH, TO TPYHT
MIPUTOJIEH 1Ji OOCHINKY, B IPOTUBHOM CIIy4ae - HETIPUTOJICH.

[TonGop BTOPOrO M MOCIEAYIOUIETO CIOEB JAPCHAXKHOW OOCBHINKH MPOM3BOIAT AaHAJTIOTUYHO
noabopy mepBoro cios o rpadukam Ha puc. 128 u 129, npuarmas nepBbiid cl10il 0OOCHITIKA 3a
JIPEHUPYEMBIN TPYHT.

IHox6op puabTpyOmuUX 00epTOK

6.12. Jlns TOpU3OHTAIBHBIX TPYOUaThIX JpeHaXed ¢ MNPUMEHEHHUEM HCKYCCTBEHHBIX
BOJIOKHUCTBIX MaTE€pUajIoB MPOU3BOAUTCS Mombop obeptok B coorBeTcTBUU ¢ OCT 33-10-73
«DuUnbTpHl JpEHAXXKHBIE M3 HCKYCCTBEHHBIX BOJOKOHHCTHIX MartepuanoB» (M.: MuHBOIX03
CCCP, 1973), a Takke ¢ y4eTOM PEKOMEHIAIUI, MPUBOIUMBIX B COOTBETCTBYIOIICH JIUTEpaType
[Q: 3_3]

TonuHa GUIBTPOBON 0OEPTKU OMPEACIACTCS C YISTOM TIIyOUHBI 3aJI0KCHUS JPEHaKa U B
YIJIOTHEHHOM COCTOSIHUM JIOJDKHA ObITh He MeHee 10 MM - MpH HM3TOTOBJICHUU (QHUIBTPOB W3
MatoB U Boijoka (COCT 10499-78, TY 33 YCCP 1-72 u TY 611-215-71); He menee 3 MM - nipu
U3rOTOBIEHUH (PUIBTPOB U3 cTeksoxoictoB BB-I', BB-K uiu BB-T.

Koadpumument dumsrpannu kg onpenensiercs no rpaduxy Ky = f (p, d,5) (puc. 130), rme p -
naBneHre Ha QUIbTP, Kr/cM’, Oy, - AHAMETP DICMCHTAPHOTO BOJOKHA IPHMEHSIEMOTO
BOJIOKHHUCTOTO MaTepHaa, MK.

[Motepu Hamopa Ha (UIBTPE U3 BOJOKHUCTBIX MATEPUATIOB OMPEACISIOTCS MO Tpaduky
zapucumoct Vg = f (AH) (puc. 131), rme Vg - ckopocTh GHIBTpamuy Ha KOHTYpe (GHIbTpa,
cm/c; AH - morepu Hamopa Ha puiIbTpe, CM.
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Puc. 130. I'padux 3aBucumoctu k¢ = f (P, d, ;)
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Puc. 131. I'paduk 3aBucumoctu Vy = f (AH)

1 - qa crexnocetok CCTD-6 mo CTY 84-81-61 u CC-1 mo CTVY 27-120-64; 2 - nua crexnoxoiictoB BB-T mo
MPTVY-6-11-3-64, BB-K o TY 21-23-3-68 u BB-I' no MPTYVY 6-11-18-64

IoxGop 00chINOK BePTUKAJIBLHBIX APeHa el

6.13. IlogOop KpymHOCTH M COCTaBa TPAaBUHHBIX OOCHIIOK BEPTUKAIBHBIX JpEeHaXen
(BOIOTIOHMKAIOIIUX W BOJOCOPOCHBIX CKBaXWH) Mpou3BoauTcs B cooTBercTtBuM ¢ CHull
2.04.02-84 «Bonocuabxxenue. Hapy)XHbIe CETH U COOPYKEHHSI».

PACYET BOJONPONYCKHOIl  CIHOCOBHOCTH T'OPU3OHTAJBHOIO
JIPEHAJKA

6.14. Pacuer BOJOMPOITYCKHOW CIIOCOOHOCTH TOPH3OHTAIBHOTO TPyOUYATOrO JpeHaka
BBITIOJIHSCTCST MCXOJsl U3 YCIOBHSI HEOOXOIMMOCTH MPOITYCKAa BCErO IMOCTYIAIOIIEro B JPEHY
pacxoja npu MakCUMaJbHOU TTyOMHE HAIllOJIHEHHUS IPEHBI, COCTABIISIONICH He MCHee: B JIpeHaxX-
ocymmrensix - 0,1d, B Tpybax-cobuparensix - 0,3d, B MaructpanbHbix kosuiekTopax - 0,5d. Ilpu
9TOM JIpeHa He J0JDKHA paboTaTh MOJHBIM ceueHueM [42].
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Puc. 132. I'padpuku 3aBucumoctT K03GpPuuneHToB @ u £ ot riayounnbl Hanoanenus (h/d)

CKOpOCTh IBUKEHUS BOJIBI B TOPU3OHTANILHBIX TpyOax npuHumaercs B npegenax 0,15 - 1 m/c.
Jlns TpyOYaThIX ApEH, YJIOXKEHHBIX B IJIMHUCTBIX I'PYHTaX, HaMMEHBIIAsg CKOPOCTb JABHIKCHMS
BOJIBI MpuHUMaeTcs B mpeaenax 0,15 - 0,2 m/c, B mecyanbix rpyHTax - 0,3 - 0,35 m/c.

JluaMeTp IpeHaxHbIX TPYO ompenaensercs B 3aBUCUMOCTH OT CTENEHHM HAloJIHEHUs TpyO H
CKOPOCTH JIBH)KEHHSI BOZBI B HUX. 3a/laBasiCh CTeNeHblo HamonHenus Tpyo h/d (roe h - rmyOuna
HaroJHEeHUs1 TpyOsI, d - ee AMaMeTp) U CKOPOCTHIO ABMIKEHHS BOIBI B Tpybax, auamerp Tpyd

paccuuTthiBatoT 1o ¢opmyse d = A G (rme S - ko3(hGUIMEHT, 3aBUCAIINI OT CTCIICHU
saronHeHns h/d u ompenensemsiii mo kpuBoi 2 Ha puc. 131); Q - pacxoa ApeHbI, PaBHBIM
IPUTOKY BOJBI K APEHE, ONpeiesieMOMY (PHIbTPAIMOHHBIM PACUETOM.

VYkiI0H Ha TIepOPUPOBAHHBIX yYaCTKaX TOPH3OHTAIBHBIX TPYOUATHIX JAPEH OMPEICISAETCS C
Y4ETOM pPacxoja, NePEMEHHOTO 10 JIHHE ApeHbl. CunTasi, YTO MOCTYIUIEHHE BOJBI K JpPEHE IO
BCEH ee JTMHE MPOMCXOJUT PABHOMEPHO, YKIIOH B MPOU3BOJILHOM CEUCHHH Ha PACCTOSHUM X OT
Havajia JApeHbl Npu Bceil ee mimHe L onpenensercs mo dopmyne | = VACILACPR?, a CpEeIHUU
YKJIOH BCETO TPyOOmpoBoa - 1o hopmyre

icp = V/I3C?R. (213)

Benuunna ruapaBIndeckoro paauyca (OTHOIIECHHE TUIOMIAIN KHBOTO CECUSHHSI MTOTOKA K €To
CMOYEHHOMY IIEPUMETPY) onpenensercs no gopmyne R = ad/4, rue kosddurment [/Haxomsat
o kpuBoii 1 Ha puc. 132.
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Puc. 133. I'paguk 3aBHCHMMOCTH BeJMYMHbI T'MAPABJINYECKOro paamyca R oT BeIHYHHBI
OTHOCHTEJIbHOI IIyOrHbI HanoJHeHus h/d aJst Tpy6o(uIbLTPOB Pa3IHYHBIX TUMETPOB
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Puc. 134. I'padux s TrUAPABINYECKOr0 pacyeTa TOPH30HTAJBHOIO JApeHAakKa M3

TpyoopuabTpoB nuamerpom 150 mm
Kosdduument conporunenus C, M/c, Boraucisiercs o gopmyie H. H. TTapmosckoro
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c=RYn;y=2+ -013-0,75+R (/7 -0,1), (214)

rae R - rumpaBnuyeckuil pamuyc, M; N - KOIPPUIMEHT MIEPOXOBATOCTH, NMPUHUMACMBINA B
3aBUCUMOCTH OT BHJa JpeHaxHBIX TpyO u paBHbii 0,012 - 0,15; nns vHenepdopupoBaHHOTO
Tpybomnposozaa n = 0,017.

Koaddumment conpoTuBieHns MOXeT ObITh ONpeesieH Takke U 1o popmysine Mannunra C =
RY%/n.

VKIIOH Herep(opUpoBaHHBIX TPYO ompexnensiercs o Gpopmyite Llesu i = V 2/CR.

6.15. I'unpaBnuyeckuii pacueT IpeHakeld ¢ MPUMEHEHUEM TPYOO(DMIBTPOB BBITOIHSAETCS MO
TEM JK€ 3aBUCHUMOCTSM, 4YTO W IS JAPEHAXeH ¢ NpuMeHeHWeM Mep(opupoBaHHBIX TPYO.
luppaBnuueckuil paguyc Uisi TPyOOPMIBTPOB € pPA3IMYHBIM BHYTPEHHHM JIHAMETPOM U
paboTarmMX MpH pa3HOW CTETICHU 3aIlOHEHHS OTpeAeiseTcs Mo rpaduky, mpeacTaBIeHHOMY
Ha puc. 133. Koaduuuent mepoxoparoctu st TpyOOPHUIBTPOB BHYTPEHHUM aAuameTpoM 150
MM He SBIISIETCSA MOCTOSHHBIM M m3MeHsercs or 0,015 mo 0,027 B 3aBHCHMOCTH OT BEIHYHHEI
YKJIIOHa JpPEHbl W CTENEeHW ee 3amoiHeHus. [ ruxpaBIuyeckoro pacuera JIpeHaxe w3
TpyOOMUIBTPOB  BHYTPEHHHM  auameTpoM 150 MM  pEeKOMEHAYeTCs  HCIOJIb30BaTh
HKCIIEpUMEHTAIbHBIN rpaduK, mpeicTaBieHHb Ha puc. 134. Jng pacuera TpyOO(UIBTPOB
OOJIBIIIUX TUAMETPOB PEKOMEHIyeTCsl MPUHUMATh Kod(durment mepoxoBatoctu N = 0,017 (npu
h/d B mpenenax ot 0,5 mo 1).

PACYET BOJOIPOITY CKHOM CIIOCOBHOCTH ®WJIbTPYIOIINX NOCTEJEN

6.16. T'mppaBmuueckuid pacdyer (UIBTPYIOIIMX TOCTeNed (HampuMep, B IUIACTOBBIX
JPEHaXkaX), BBIIOJIHEHHBIX W3 HECBS3HOIO MaTepuana, BBIINOJHIETCS B  ClEAyoUlel
1oCJIeI0BaTeIbHOCTH [4].

ITo pesynpTaTaM (QUIBTPALMOHHOIO pacyeTa OINpeneiserTcss MNPUTOK K (UIbTpyIOLeH
MOCTEIN, OTKY/1a, 3Hasl IUIOMIAlh CeUCHHsI TTOCTeNu F, HaXOqUTCs CKOPOCTh (PUIBTPAIIMH BOJBI B
Heit mo dopmyne V4 = Q/F. 3arem ompenpensercs pexuM (HIbTpAUUH (JTaMUHAPHBIA HIH
TypOyJeHTHBIN) 1o BennuuHe yncia Pelinonbaa Re, koTopoe BeruucseTcs mo gpopmynam:

JUTsL OAHOPOJHOTO MaTepuaia KpynmHoCThio MeHee 1 cM

Re = Vg dep /6 (1 - n) v (bopmyna I'. 1. Jlomuse), rae dop - cpemHuil quamMeTp 4acTHUIl
¢uibTpyromero rmiacra, n - MOPUCTOCTh; L[] - KuHeMaTWuecKuil KOIPQPUIMEHT BI3KOCTH
(GUIBTPYIOMIEHCS BOJIBI;

JUIsL HEOTHOPOAHOIO MaTepuaia KpyInHOCTbIO MeHee 1 cMm

Re = 4V, \'2% I (v - n*°) (popmyma ®@. W. Korsixosa), rie Kip = K¢ V/Q - ko3 dunuent
IPOHHIIAEMOCTH TIOPUCTOM CPEbL, M.

Hapymenue nuHelHOro pexxuma ABMXKEHHs BOJABI HacTynaer npu Re > 1,7 B ogHOpogHOM
Marepuasie 1 Re > 0,3 - B HEOOHOPOIHOM MaTepuayie MpPU YCJIOBUU BblYMCIEHUsS Re mo
NPUBEICHHBIM BbIIIE (POpPMYIIaM.

[Tpn naMuHapHOM IBM)KEHUM (DUIBTPALIMOHHOTIO MOTOKA MOTEPH HAamopa B (UIBTPYIOLIEM
mnacte onpezenstorcs no popmyne Ah = Vg | / Ky, rae | - inmuna mytu ¢punsrpanuu B miacte.

[Tpu TypOyneHTHOM peXrMe MOTOKa MOTEPH HATOpa ONpeNeNioTcs o popmyIie

A =17 Ty,

[Totepu Hamopa B QUIBTPYIOMEH TOCTETH, BBINOTHEHHOM U3 TOPUCTOTO O€TOHa,
OTIPEICIISAIOTCS 10 hopMyie

¥
Ah=(al+ ) F + (bl + B) (QUF?).
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TUIPABJIUYECKUM PACYET CUCTEMbI BEHTUWJIALIMOHHOI'O
JAPEHUPOBAHUA

6.17. VcxomHblMM JaHHBIMU JJS1 THAPABIMYECKOTO pacyera SBISIOTCA: MaTepHalibl
TUAPOT€0JIOTUYECKOTO pacuera, TEOMETPUYECKHE XapaKTePUCTUKU JpeHaxa,

TPaHyJIOMETPUYECKUHN COCTAB IIe0EHYATOMN 3aChINKH, CXeMbl KOHCTPYKIIUU PEHAXKa, pPacueTHBIC
napaMeTpbl BO3ayxa.

HpOI/I3BO,Z[I/IT€.HI>HOCTI: BCHTHUJIATOPA, UCXOO U3 TpGGOBaHI/IH, I-ITO6I:I BJIA)KHOCTH BO3AYyXa Ha
BBIXOJIE U3 JIpEHUpYIoIero 3aeMenTa obi1a He meHee 0,9 - 0,95, paccuuteiBaroT no popmyie

V= qL/pB (an - aBLIX)I (215)

rae V - mpou3BOIUTEIHHOCTh BEHTHIIATOPA, M3/C; O - TUIOTHOCTH BO31IyXa, KF/MS; pxy Appx -
BJIArocoJIepKaHhe BO3yXa Ha BXOJE M BBIXOJE ApPEHaXka, KI/KT; ( - yJACJIbHBIA BIAronpuToOK K
IpeHaxy, K/ (M-c).

JnvuHa npeHaXxHOM JIMHUM Ui JMHEWHBIX U KOJIBLIEBBIX M IPUCTEHHBIX APEHAXEW paBHA
pacCTOSIHUIO OT TOYKH BBOJA BO3JyXa B HAarHETATEIbHbBIA KOJJIEKTOP APEHAXHOTO 3JIEMEHTA 110
TOYKH BBIBOJIA U3 BBIITYCKHOTO KOJUIEKTOpA. JJIMHA NIpEeHa>XKHOM JIMHUHU JIJIS IUIACTOBOrO ApEeHaXa
paBHa MPOTSIKEHHOCTH JAPEHAKHOM MOCTEIM B HAMPABJICHUHU JIBUKEHUS BO3yXa.

[noTHOCTH BO3/yXa M pacuyE€THOE 3HAYCHHUE BIIArOCOAEPKAHUS BO3JyXa Ha BXOJE B JPEHAK
MPUHUMAIOT M0 COOTBETCTBYIOIIMM HOPMATHMBHBIM JIOKyMEHTaM. Biarocoaep:kanue Bo3ayxa Ha
BBIXOJIC IPEHAXKa OIPeeNsIoT o Gopmyre

Appix = (0,9 - 0,95) a”BBIX! (216)

A€ @' pyx - BIArOCOIEPKAHNUE HACHIIIICHHOTO BO3/IyXa MPU TeMIIEpaType TpyHTa M0 JuarpamMme J
- @ BIIAXXHOTO BO3/[yXa B COOTBETCTBUU C PeKOMeHausmu [8].

[ToTpeOHBII HATTOP BEHTHJIATOPA ONPEALIISIIOT TT0 opMyIie

[h = APuar + APgp + APasin, (217)
rae EbHar - THUJPABIMYECKOE CONPOTHUBJIEHUWE HArHETAaTeNIbHOTO Tpakra, [la; Apﬂp
TUJPABINYECKOE COMPOTHUBJIEHUE JPEHAXXKHOTO »dieMeHTa, [la; Apgy; - TUIpaBIdydecKoe

COTIPOTUBIICHUE BBIITYCKHOTO TpakTa, [la.

Bemuunnbl Apy,r ¥ [Pse paccunThiBatoT 1mo pexkoMeHganusM [8] Kak THApaBIMYECKHE
COMNPOTHBJICHHUS BEHTWISAIMOHHBIX KaHAJIOB. BeInunHy TUAPABINYECKOTO COMPOTUBICHUS APy
OTIPENIETISIOT 1Mo hopmyIie
a7 L

g =|2

2

2 \d: (218)
rac
=E E+ 15 +1

w2 | Be  JRe |

___ 045 Vd,

(1-m)fm v

e Vy - KO3(POUIIMEHT KMHEMAaTHYEeCKOW BSI3KOCTH BO3/yXa, MZ/C; d; - pacuerHbIif aHamMETp
3epHa 11eOHs, M; M - mopucrocTs medns (0,5 - 0,55).
IMPUMEPBI PACUETOB

Ipumep 1. [TogoOpath A1t HECBSI3HOTO APEHUPYEMOTO TpyHTa HeCy(PdO3nOHHBII
TPaHyJIOMETPUYIECKUI COCTaB MIEPBOTO CJIOS APEHAKHON OOCHIITKU

A
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Hcxonnble naHHble. | paHYyJIOMETPUYECKHN COCTAaB APEHHUPYEMOrO I'pyHTa IpEACTaBICH Ha
puc. 135, kpuBas I". luametp gactuil rpyHTa: Oy = 0,06 Mm; d3 = 0,1 mm; dip = 0,12 mm; di7 =
0,14 mm; dgo = 0,4 MM; 190 = 5 MM; KOBDOUIIMEHT PA3HO3EPHUCTOCTH 7 = 3,34; MOPUCTOCTH N,
= 0,34; koapdunment punprparuu R, = 0,0092 cm/c.

[Mopsimoxk pacuera. Jlns pacdyera creneHd Ccy(h(oO3nOHHOCTH OPEHUPYEMOro TIpyHTa
Bocmosb3yemes opmyiaoii (200):

ﬁ SOl 0,71
d; 014 >N =0,24;
0,34
N =0,32 ﬂ (1+0,05[13,34) 1-034 = 0,24.
CrnenoBartesbHO, JPEHUPYEMBIit TPYHT SIBIISICTCS Hecy(h(HO3UOHHBIM. ITo

TpaHyJIOMETPUUECKOMY cocTaBy rpyHTa (puc. 135, kpuBas ') u pacueTHOMY Tpaduky 27 f
(77:) (cm. puc. 124) HaxoauM pacueTHBIN JUaMETP CBOA000Pa3yIOMIMX YACTHII.

Ipu 7. = 3,34 B coorBercTBHM C TpadukoM Ha puc. 124 i mecyaHO-TPaBEIHCTOTO
matepuana (obmacte II) P, = 50 %. Torma mo kxpuBoit /” Ha puc. 135 HaXoguMm IuameTp
CBOJI000pa3yomuX dYacTul] apeHupyemoro rpyHta do. = dsp = 0,25 wmm. 3agaemcs
KO QUIIEHTOM Pa3HO3EPHUCTOCTH JAPEHAKHOHW OOCBHIIKH 7y = 8, M0 KOTOPOMY OHIpeeseM

3HaYEHHE IOPUCTOCTHU Ng U3 rpaduka Ha puc. 125 74 = 0,34.

“ il
’__,.r"l
a0 - /j 9
- L
» L. u AN
:i-ﬂ "’,.’(,II ¥
P /
£ /
£ J
“ T
8 ; .
=20 // 1
o E
° -'-"F N8 I |
boei  gooz 0,005 002 ggs A 8 a3 0% 1 2 3 45 w Z st TO 100
AMAMETF SACTWIL MM

Puc. 135. KpuBble rpanyJIoOMeTpH4eCKOro COCTaBa K NpuMepy noadopa 3¢epHOBOro cOCTaBa
¢unbTpa 17151 HeCBA3AHHOTO HeCcy(P(PO3UOHHOTO rPYHTA

I' - kpuBast 3epHOBOTO coCTaBa JpEeHUpyeMoro rpyHTa; O - KpuBast 3pHOBOTO COCTaBa 1-ro cios GpuiIbTpa

Bocnonbs3oBasmuiuce hopmynoit (204), paccunteiBaem D17 mepBoro ciiost 0OCHITKH

z L 17038 05135

025248 034 -

Hanee o gopmyne (205) HaxoAMM MHUHUMATBHBIA JUAMETP YaCTHUIl B JPEHAXKHOU OOCHITIKE
D' min, OIPE/ICITHB CHAYANA 3HAYCHHE [TOKA3ATEIIS CTCIICHN X

x=1+1,2819g8~22;
D'min = 1,35/ [1 + (0,1 - 17)**(8- 1) /5 - 8] = 0,87 mm.
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[Moxcrasnsist B hopmyiie (206) 3HaueHMS D'min =0,87 mm, [f =8 ux=2,2, nonydaem
D; = 0,87 + 0,152 (0,1P;)*2.

3anaBasch paznuuHbeiMu 3HaueHusiMu Pj = 10..., 20...., 100, BbIYUCIIsIEM COOTBETCTBYIOIINE UM
3HAYCHMsSI TUAMETP YaCTHI] TIEPBOTO CJIOST OOCHITIKH:

D1o D2 Dss Dso Deo = 17, D1o Dago Dgo D1oo
1,02 1,57 3,26 6,11 8,16 15,6 20 25

[To 5TUM NaHHBIM CTPOUM MCKOMYIO PacUeTHYIO KPUBYIO HeCcy(h(HO3HOHHOTO COCTaBa TPyHTa
IIEPBOTO CJI0S APeHaKHOU 00ChInKy (kpuBas @ Ha puc. 135).

KoaddunmenT punbrpanuu apeHakxHOM 00CHINKH paccuuThiBaeTcs o ¢popmyie (207):
Al 0,34°
Y001 (1-0,34)

=+ 0,135 =131
cm/c.

IIpumep 2. [Togo6pats amst cydphHo3MOHHOTO HECBSI3aHHOTO IPEHUPYEMOTO IPYHTa
Hecy(hPO3MOHHBIN TPaHyIOMETPUUECKUN COCTAB MEPBOTO CIOS JPEHAXKHOU OOCHITIKH.

Ucxonubie nanHble. ['paHyIOMETPUYECKUI COCTAB JPEHUPYEMOIO TPYHTA NPEACTABICH Ha
puc. 136, kpusas /. Jluamerpsl yactuil rpyHTa: Umin = 0,001 mm; d3 = 0,005 mm; dip = 0,023 mwm;
diz = 0,05 mm; dgo = 0,168 mm; digo = 0,5 mm; K03 duiMeHT pasHO3EpHHUCTOCTH 7} = 7,4,
oO0beMHas Macca cKelera TpyHTa Y = 1,55 r/em’; nopuctocth Ny = 0,36; ko3 dunmeHt
dunpTpanuu K. = 0,0048 cm/c.

[opsmok pacuera. OnpenenseM cy(pPO3MOHHOCTH JPEHUPYEMOTO TPYHTa IO JHAMETDPY
MaKCHMAaJIbHOTO (DHIILTPAlMOHHOrO Xoaa do ™, 1y 9ero Bocmob3yeMcs hopmyioii (197):

x=1+005-7,4=1,37,

c=0,455%74 =0,64;
0,36
do™=1,37-0,64 10,36 . 0,05=0,03 mm.
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Puc. 136. KpuBble rpanyJIoOMeTpH4YeCKOro COCTaBa K NpuMMepy noadopa 3¢epHOBOI0 cOCTaBa
¢unbTpa 17151 HeCBA3HOTO Cy(P(PO3HOHHOI0 IPYHTA

I' - KpHBasi 3ePHOBOTO COCTaBa JpeHUpyeMoro rpyHTta; @ - KpuBasi 3epHOBOro coctasa 1-ro ciost GpunbTpa

OmnpeznensieM MaKCUMAJIbHYIO KPYITHOCTh YaCTHII, KOTOPBIE MOTYT OBITh BBIHECEHBI U3 IPYHTA
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dZ® = 07745 = 0,77-0,03=0,02

B npenupyemom rpynre gactui, MeHbmmx 0,02 MM, conepxurca 11 % (cm. puc. 36, KkpuBas
I), u modromy B cooTBeTcTBHM C YycioBueM Qopmynsl (198) rpyHT ciemyer cyuTaTh
cyh}o3noHHBIM.

[Tycth (uIbTpallMOHHBIMU pacuyeTaMu YCTAHOBJEHO, YTO B 30HE KOHTaKTa TIpyHTa C
(GuABTPOM MaKCHMMaJIbHOE 3HaYEHHUE IpajueHTa Harnopa J, = 0,94,

Jlns ompeneneHus quaMmeTpa cBogooOpasyronmx yactuil d.. cHadana mo ¢opmynam (208) -
(209) paccumtaem pa3Mep YacTHI[ TPYHTa, KOTOPBIE MOTYT BBIHOCUTHCS (DMIIBTPAIMOHHBIM
notokoM mpu €= 90°, npuyueM npuBeAeHHBINH K03 duiMeHT Tpenns fx Bo3pMeM u3 rpaduka Ha
puc. 127 npu 1. =7,4un = 0,36:

f«=0,19;
155 _ 1]
w=06014 1 - 0,19 - sin 41,25° = 0,04;
g, = L1054 = 0,0095

0,04 | 036 98T
00100045 cM = 0,095 MM.

ITo rpaduky rpanynomerpudeckoro cocrasa rpynra (puc. 136; kpuBas /), HaXOAUM, 4YTO
YacTUIl TaKOTO JUAMETpa U MEHbBIIE COAEPKUTCS B TpyHTE oKoJyio 35 %, T.e. 6ombuie 3 - 5 %.
[MosTomy pacuet d¢ BbImomHIM 110 BhIpaxkeHuto (210), mpurumast b = 8,

der =8 - 0,005 = 0,04 mMm.

3anaBadch K0d(QQUIMEHTOM pa3sHO3EPHUCTOCTH HEPBOIO CJIOs APEHAKHOH OOCHINKU 77g = 8,
u3 rpaduka Ny = f (7,) HA puc. 125 (obmacts I) ompenmensieM NMOPUCTOCTH €ro, KOTOpas
cocrasisgeM Ny = 0,37.

Hanee mo ¢opmyne (204) ompenensieM NEHCTBYIOIIMKA JHAMETP YacTHUIl TMEPBOTO CIIOS
JIpeHaKHOU 00CHITKU D17

1 1-037
o = —— ———0,04=10,23
0,252%/8 0,37 M.

3arem no dopmyse (205) HaXOaUM MUHMMAIIBHBIA TUAaMETp YacTHI] B JPCHAKHOW OOCHINKE
D'min, OIIPEIE/IHB CHAYANA [IOKA3ATE/b CTCIICHH X.

x=1+128lg8~2.2,
D'min=0,23/[1 + (0,1 - 17]**(8- 1) /5 - 8] = 0,15 mm.
oxcrapss 3radenne D'yin = 0,15 Mm; Ny =8 uX=2,2 B hopmyny (206), nosrydaem
Di = 0,15 + 0,026 (0,1 - P;)*2.

3anaBasich paznuuHbiMU 3HaueHusiMu P = 10...., 20..., 100, BbuKcCIsieM COOTBETCTBYIOIINE
3HaueHwust Dj, mepBoro ciost 00ChITKH MM:

D1 Do Dao Deo = 775 = D1go Dgo Digo
0,18 0,27 0,7 1,44 2,67 4,27
[Io mnomydyennbiM 3HaueHUSIM Dpin, Dio, ..., Digp CcTpouM pacyeTHYO KpHUBYIO

Hecy(p(HO3HMOHHOTO COCTaBa TEPBOTO CJIOS ApEeHaXKHOW oOcwhimku (puc. 136, xpuBas [) u
YCTaHABJIMBAEM 30HY JOMYCTUMOTO TPAHYJIOMETPHUYECKOTO COCTaBa TPyHTA, MPHUTOIHOTO JUISA
VKJIQJKU B TIEPBBIN CIOU IPEHAKHOU OOCBHITIKH.

Hanee no ¢popmyne (207) onpenensem ko3pGUIUEHT GUIBTPALUU IPEHAKHOH 00CHIIKH Ky,
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, 3
_404.0 037

A -+0,023% =
0,01 (1-037 0,021 cm/c;
T.C.
ky _ 0,021
k  0,0048

[TpoBepsieM MepBBIA CIIOM Ha HEKOJIBMATHPYEMOCTh, JJIA Yero HaxoauMm mo ¢opmyre (211)
pa3Mmep 4acTull, KOTOpble MOT'YT BBIHOCUTBHCS U3 KOHTAaKTHOM 00JacTH ITPyHTA, IPUMBIKAIOLIEH K
NIEPBOMY CJIOKO IPEHAXKHOM OOCHINKH.

dm.ax
4 =0,32-0,04=0,013 mm.
UroObl 3TH YacTULBl HE KOJbMATUPOBAIM IEPBBIA CIOH APEHAKHOW OOCHINKH, JOJKHO

BBIMTOJTHATRCS ycioBue (212);

I
D _ 023 194
450,013
LI -ada _ 1101-037)4 _

myc 037045508

2

T.€. ycioBue (212) ymoBieTBopsieTcs, a, CIe0BaTeIbHO, HET OCHOBAHUN 0KHJIaTh KOJbMaTaIlHH
TIEPBOTO CJIOS TTOA0OPaHHOM OOCHIMKH.

Hpumep 3. JIpeHupyemblid TPYHT OPEJCTABICH CYTJIMHKOM C YMCIOM miactuduHocta Wy =
13,98; ero 3epHOBOIf cocTaB Mmoka3aH Ha puc. 137, kpusas 1.

Heo6xoaumo nomo0path NepBblii CI10i 0OCHINKH.

[Topsimok pacuera. 3amaemcst KO3(PHUIHMESHTOM HEOTHOPOIHOCTH OOCHITTKH D'Gol D'lo = §; npu
s1oM D'sp MOXKeT GBITH IPUHATO PaBHBIM B Auarazome oT 1 10 23 MM (cMm. puc. 128).

Jlnst 3HaueHUs D'5o =1 Mm D|60 MOKET OBITh PaBHBIM IIpUMEpHO 1,5 MM, a D'lo =15/8=0,19
MM, D'max MIPUMEM PaBHBIM 6 MM.
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Puc. 137. KpuBble rpanyJIOMeTpH4Y€eCKOro COCTaBa K MpUMepy noadopa 3¢pHOBOI0 cOCTaBa
¢unbTpa 1719 CyriIMHKA

1 - kpuBasi 3epHOBOrO COCTaBa APEHUPYEMOIrO TpyHTa; 2, 3 - KPHUBbIC, OrPaHUYUBAOLINE O0JIACTh MPUEMIIEMBIX
COCTaBOB (DHIIBTPa
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPHIX

[Io mpuHATEIM 3HAYEHUSM Dllo, D'5o, Dleo u D'max CTPOMM IMEPBYIO T'PAHUYHYIO KPHUBYIO
3epPHOBOTO cocTaBa 00ChIKH (puc. 137, kpuBas 2).

Bropyro rpaHMYHYI0 KPUBYIO IOJy4YUM IIPU 3HAYCHUU D'so, paBHOM 23 MM.

B stom cniyqae D'gp MokeT ObITH paBHBIM TipuMepHO 30 MM, a D'10 = 30/8 = 3,76 mM. D'max
npumeM paBHbIM 50 - 60 MM.
[To mpUHSTHIM 3HAYEHUSIM CTPOMM BTOPYIO TPAaHUUYHYIO KPUBYIO 0OCHITIKHU (puc. 137, kpuBas
3). Matepuainsl, 3aKII0Y€HHBIE MEXKAY KPUBBIMU 2 U 3, MOTYT OBITh IPUMEHUMBI JJIs1 0OCHITIOK
IpU YCIIOBUH, YTO D'so/D'10 = 8.

[IPHJIOKEHUE 1
B+l 2& ) Bz2 + .'M:
A, =1 7 ; 7]
3HaueHUS TTOCTOSHHBIX M LB + B+ )
Bi A A, A A, As A
0 1 -0 0 -0 0 -0
0,001 1,0002 -0,0002 0 -0 0 -0
0,002 1,0004 - 0,0004 0,0001 -0 0 -0
0,004 1,0008 - 0,0008 0,0002 -0,0001 0,0001 -0
0,006 1,0012 -0,0012 0,0003 -0,0001 0,0001 -0
0,008 1,0015 -0,0016 0,0004 - 0,0002 0,0001 -0,0001
0,01 1,002 - 0,002 0,0005 - 00,0002 0,0001 -0,0001
0,02 1,003 - 0,004 0,001 - 0,0004 0,0003 - 00,0002
0,04 1,0065 - 0,008 0,002 - 0,0009 0,0005 -0,0003
0,06 1,0099 -0,0119 0,003 -0,0013 0,0007 - 0,0004
0,08 1,013 -0,0158 0,004 -0,0018 0,001 - 0,0006
0,1 1,0159 -0,0197 0,005 -0,0022 0,0013 - 0,0008
0,2 1,0312 -0,0381 0,01 - 0,0045 0,0025 -0,0016
0,3 1,045 - 0,0555 0,0148 -0,0067 0,0038 - 0,0024
0,4 1,0581 -0,0719 0,0196 - 0,0089 0,005 -0,0032
0,5 1,0701 -0,0873 0,0243 -0,0110 0,0063 - 0,004
0,6 1,0813 -0,1025 0,0289 -0,0132 0,0075 -0,0048
0,7 1,0918 -0,1154 0,0335 -0,0153 0,0087 - 0,0056
0,8 1,1016 -0,1282 0,0379 -0,0175 0,01 - 0,0064
0,9 1,1107 -0,1403 0,0423 -0,0196 0,0112 -0,0072
1 1,1192 -0,1517 0,0466 -0,0217 0,0124 - 0,008
1,5 1,1537 -0,2013 0,0667 -0,0318 0,0184 -0,0119
2 1,1784 -0,2367 0,0848 -0,0414 0,0241 -0,0157
3 1,2102 -0,2881 0,1154 - 0,0589 0,0351 -0,0231
4 1,2287 -0,3215 0,1396 -0,0750 0,0451 -0,03
5 1,2403 -0,3442 0,1588 -0,0876 0,0543 - 0,0368
6 1,2478 -0,3604 0,174 -0,0991 0,0626 -0,0427
7 1,2532 -0,3722 0,1861 -0,1089 0,0701 -0,0483
8 1,2569 -0,3812 0,1959 -0,1174 0,0768 -0,0535
9 1,2598 - 0,388 0,2039 -0,1246 0,0828 -0,0583
10 1,2612 -0,3934 0,2104 -0,1309 0,0881 -0,0676
15 1,2677 -0,4084 0,232 -0,1514 0,1072 -0,0795
20 1,2699 -0,4147 0,2394 -0,1621 0,1182 -0,0901
30 1,2717 -0,4198 0,2472 -0,1718 0,1291 -0,1015
40 1,2723 -0,4217 0,2502 -0,1759 0,134 -0,1069
50 1,2727 -0,4227 0,2517 -0,1779 0,1365 -0,1098
60 1,2728 -0,4232 0,2526 -0,1791 0,1379 -0,1115
80 1,273 -0,4237 0,2535 -0,1803 0,1394 -0,1132
100 1,2731 -0,4239 0,2539 -0,1808 0,1405 -0,1141
o 1,2732 -0,4244 0,2546 -0,1819 0,1415 -0,1157
[IPUJIOJKEHUE 2
Kopuu xapakrepuctuueckoro ypasaenus tg Lf = /1Bin,
Bi O | 0 | 0 | ] | ] a
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPHIX
Bi 4 4 44 4 L4 L
0 0 3,1416 6,2832 90,4248 12,5664 15,703
0,001 0,0316 3,1419 6,2833 9,4249 12,5665 15,708
0,002 0,0447 3,1422 6,2835 9,425 12,5665 15,7081
0,004 0,0632 3,1429 6,2838 9,4252 12,5667 15,7082
0,006 0,0774 3,1435 6,2841 9,4254 12,5668 15,7083
0,008 0,0893 3,1441 6,2845 9,4256 12,567 15,7085
0,01 0,0998 3,1448 6,2848 9,4258 12,5672 15,7086
0,02 0,141 3,1479 6,2864 9,4269 12,5680 15,7092
0,04 0,1987 3,1543 6,2895 9,429 12,5696 15,7105
0,06 0,2425 3,1606 6,2927 9,4311 12,5711 15,7118
0,08 0,2791 3,1668 6,2959 9,4333 12,5727 15,7131
0,1 0,3111 3,1731 6,2991 9,4354 12,5743 15,7143
0,2 0,4328 3,2039 6,3148 9,4459 12,5823 15,7207
0,3 0,5218 3,2341 6,3305 9,4565 12,5902 15,727
0,4 0,5932 3,2636 6,3461 9,467 12,5981 15,5334
0,5 0,6533 3,2923 6,3616 9,4775 12,606 15,7397
0,6 0,7051 3,3204 6,377 9,4879 12,6139 15,746
0,7 0,7506 3,3477 6,3923 9,4983 12,6218 15,7524
0,8 0,791 3,3744 6,4074 9,5087 12,6296 15,7587
0,9 0,8274 3,4003 6,4224 9,519 12,6375 15,765
1,0 0,8603 3,4256 6,4373 9,5293 12,6453 15,7713
15 0,9882 3,5422 6,5097 9,5801 12,6841 15,8026
2 1,0769 3,6436 6,5783 9,6296 12,7223 15,8336
3 1,1925 3,8088 6,704 9,724 12,7966 15,8945
4 1,2646 3,9352 6,814 9,8119 12,8678 15,9536
5 1,3138 4,0336 6,9096 9,8923 12,9352 16,0107
6 1,3496 4,1116 6,9924 9,9667 12,9988 16,0654
7 1,3766 4,1746 7,064 10,0339 13,0584 16,1177
8 1,3978 4,2264 7,1283 10,0949 13,1141 16,1675
9 1,4149 4,2694 7,1806 10,1502 13,166 16,2147
10 1,4289 4,3058 7,2281 10,2003 13,2142 16,2591
15 1,4729 4,4255 7,3959 10,3898 13,4078 16,4474
20 1,4961 4,4915 7,4954 10,5117 13,542 16,5864
30 1,5202 4,5615 7,6057 10,6543 13,7085 16,7691
40 1,5325 4,5979 7,6647 10,7334 13,8048 16,8794
50 1,54 4,6202 7,7012 10,7832 13,8966 16,9519
60 1,5451 4,7353 7,7259 10,8172 13,9094 17,0026
80 1,5514 4,6543 7,7573 10,8606 13,9644 17,0686
100 1,5552 4,6658 7,7764 10,8871 13,9981 17,1093
[l 1,5708 47124 7,8440 10,9956 14,1372 17,2788
1IPUJIOJKEHHUE 3
KopHu XxapakTeprucTH4ecKoro ypaBHeHus Vn J1 (Vi) = Bi Jo (vn)
Bi Vi \Z V3 Vy4 Vg Vg

0 0 3,8317 7,0156 10,1735 13,3237 16,4706
0,01 0,1412 3,8343 7,017 10,745 13,3244 16,4712
0,02 0,1995 3,8369 7,0184 10,1754 13,3252 16,4718
0,04 0,2814 3,8421 7,0213 10,1774 13,3267 16,4731
0,06 0,3438 3,8473 7,0241 10,1794 13,3282 16,4743
0,08 0,396 3,8525 7,027 10,1813 13,3297 16,4755
0,1 0,4417 3,8577 7,0298 10,1833 13,3312 16,4767
0,15 0,5376 3,8706 7,0369 10,1882 13,3349 16,4797
0,2 0,617 3,8835 7,044 10,1931 13,3387 16,4828
0,3 0,7465 3,9091 7,0582 10,2029 13,3462 16,4888
0,4 0,8516 3,9344 7,0723 10,2117 13,3537 16,4949
0,5 0,9408 3,9594 7,0864 10,2225 13,3611 16,501
0,6 1,0184 3,9841 7,1004 10,2322 13,3686 16,507
0,7 1,0873 4,0085 7,1143 10,2419 13,3761 16,5131
0,8 1,149 4,0325 7,1282 10,2519 13,3835 16,5191
0,9 1,2048 4,0562 7,1421 10,2613 13,391 16,4251
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPUAX
Bl Vi Vo V3 Vg Vg Vg
1 1,2558 4,0795 7,1558 10,271 13,3984 16,5312
15 1,4569 4,1902 7,2233 10,3188 13,4353 16,5612
2 1,5994 4,291 7,2884 10,3658 13,4819 16,591
3 1,7887 4,4634 7,4103 10,4566 13,5434 16,6499
4 1,9081 4,6018 7,5201 10,5423 13,6125 16,7073
5 1,9898 4,7131 7,6177 10,6223 13,6786 16,763
6 2,049 4,8033 7,7039 10,6964 13,7414 16,8168
7 2,0937 48772 17,7797 10,7646 13,8008 16,8684
8 2,1286 4,9384 7,8464 10,8271 13,8566 16,9179
9 2,1566 4,9897 7,9051 10,8842 13,909 16,9650
10 2,1795 5,0332 7,9569 10,9363 13,958 17,0099
15 2,2509 51773 8,1422 11,1367 14,1576 17,2008
20 2,288 5,2568 8,2534 11,2677 14,2983 17,3442
30 2,3261 5,341 8,3771 11,4221 14,4748 17,5348
40 2,3455 5,3846 8,4432 11,5081 14,5774 17,6508
50 2,3572 5,4112 8,484 11,5621 14,6433 17,7272
60 2,3651 5,4291 8,5116 11,599 14,6889 17,7507
80 2,375 5,4516 8,5466 11,6461 14,7475 17,8502
100 2,3909 5,4652 8,5678 11,6747 14,7834 17,8931
O 2,4048 5,5201 8,6537 11,7915 14,9309 18,0711
IIPUJIO)KEHUE 4
“sinz 1+kthaz [ b+thaz
J — 1-exp|-—cz———
[Iporpamma pacuera pyukmuu Fo (a, b, ¢) = 1 brthaz 1+2thaz
Taoauma 1
Anpec Haxumaemsie Kox Anpec Haxxumaembie Kox Anpec Haxxumaemeie Kox
KJIaBUIIIHU KJIaBUIIIHU KIIAaBHUIIIHU
00 110 40 16 HITA 6- 32 UITA 6-
01 HIl6 66 17 nI17 67 33 + 13
02 X 12 18 X 12 34 HI10 60
03 2 02 19 1 01 35 FX?2 22
04 X 12 20 + 10 36 - 13
05 Fe* 16 21 - 13 37 HIIO 60
06 A 4- 22 A 4- 38 F sin 1[
07 1 01 23 HI10 60 39 X 12
08 - 11 24 X 12 40 I11 41
09 HITA 6- 25 NII8 68 41 C/T1 50
10 1 01 26 X 12 42 HIIl1 61
11 + 10 27 /- oL 43 X 12
12 - 13 28 Fe* 16 44 UII 6r
13 ITA 4- 29 /- OL 45 + 10
14 nI17 67 30 1 01 46 I ar
15 + 10 31 + 10 47 C/T1 50
Breraucnenns BeayT o kBajaparypHoi popmyne Jlareppa:
o b
Jf(Zsz =D wl™ f(x).
il
KoopaunaTts! Xi 1 Beca W; KBaipaTypHOU (OpMyIIbl IPUBEACHBI B Ta0M. 2.

HNucTpyKius padoThl ¢ MUKPOKAJIBKYJISITOPOM.

. Bectu nmporpammy.

. 3anucaTh BEJIMYUHBI A, B, C COOTBETCTBEHHO B PETUCTPHI 6, 7, 8.
. 3anucats 0 B peructp /.

. BBIIOJTHUTE BBIYKCIICHHMS, BBOIS JaHHBIC M3 Ta0JI. 2 1O cXeMe

AW N —
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPHIX
X1 B/O C/m
X B/O (/11
Xis B/O C/I

wilt oM
ngh C/11

W15-'r'1:'{Is c

Pesynbrarsl BeIUKCIIEHUH - B peructpe /1.

BBoguMble HCXOOHBIE JaHHBIE

ITapameTpsl

Haxxumaemble K1aBHIIK

116
17
I18

Tect 1t MpoBepKH MPOTPAMMBI

TTapameTpsl 3HaueHus Pesynbrar
A 0,1333
b 21 4,1103596 - 10™
c 1,1106

Bpewms cuera npumepHo 15 MuUHYT.

TaOauma 2
Xj Wi E'x'
0,0933 0,23957
0,49269 0,5601
1,21559 0,887
2,26994 1,22366
3,66762 1,56444
5,42533 1,94475
7,56591 2,3415
10,12022 2,77404
13,13028 3,25564
16,6544 3,80631
20,77647 4,45847
25,62389 5,27001
31,40751 6,35956
38,53068 8,03178
48,02608 11,52777
IIPUJIO)KEHUE 5
“cosz 1+hthas b+th az
J 1-exp [ -z —] oz
I[Iporpamma pacuera ¢pyukimu Fi3 (8, b, c) =1 < b+thaz 1+ &th az
Haxxumaemeie Haxxumaempie Haxxumaemeie
Azlpec KIIaBHUIIIHU KOH Azlpec KIIAaBHUIIIHU KOH Azlpec KJIaBUIIIHU KOH
00 I10 40 04 X 12 08 - 11
01 HII6 66 05 Fe* 16 09 UIIA 6-
02 X 12 06 IIA 4- 10 1 01
03 2 02 07 1 01 11 + 10
12 O 13 27 I12 42 42 O 13
13 1A 4- 28 2 02 43 HI10 60
14 nI17 67 29 0 00 44 F cos 1
15 + 10 30 - 11 45 X 12
16 HITA 6- 31 Fe<0 51 46 111 41
17 HI17 67 32 54 54 a7 C/T1 50
18 X 12 33 HII2 62 48 HII1 61
19 1 01 34 /- oL 49 X 12
20 + 10 35 Fe* 16 50 HII 6r
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

21 O 13 36 /-1 oL 51 + 10U
22 ITA 4- 37 1 01 52 I 4T
23 1515(0) 60 38 + 10 53 cm 50
24 X 12 39 HITA 6- 54 1 01
25 HII8 68 40 O 13 55 BIT 51
26 X 12 41 HI10 60 56 39 39

Brruncnenus BeayT no kBaapaTypHoii hopmyie Jlareppa:

[r@a =3 " £ ()

iml

I~

Koopaunats! Xj Beca Wj KBaapaTypHOI (OpMYJIbI IPUBEIECHBI B IPHUIL.
HNHcTpyKIus padoThl ¢ MUKPOKAJIBKYJISATOPOM.

1. Beectu mporpammy.

2. 3anucaTh BEJIMYUHBI @, B, C COOTBETCTBEHHO B PETUCTPHI 6, 7, 8.

3. 3anucatb «0» B peructp «».

4. BBIMOSHUTD BBIYUCIICHUS, BBOS JaHHBIC U3 Ta0J. 2 TIpuil. 4 1o cxeMme.

X1 B/IO C/HII  we" Ol
X, B/IO C/MI  w,e™ O/l
Xis B/IO C/M  wgs€™ O/l

Pe3ynbrarhl BEIYMCICHUN - B peTUCTpe «/I».

BBoguMble HCXOIHBIE JaHHBIE

TTapameTpsl Haxxumaembie kiaBuIm
a 16
b 117
c 118

TecT nis mpoBEpKU IPOrpamMMmBsl

ITapameTpsol 3HaueHus Pesynbrar
a 0,1333
b 21 5,2392367 - 10™
c 1,1106

Bpewms cuera npumepHo 15 MUHYT.

[IPUJIO)KEHUE 6
S Cosz d=
J y [1-expl{—bzth az)]—
[Tporpamma pacuera ¢pyukuuu Fi4 (a, b) = 4z z
Haxxumaemeie Haxxumaemeie Haxxnmaempie
Aﬂpec KJIaBUIIIHN KOH A,I[pCC KJIAaBUIIIU KOH Aﬂpec KJIaBUIIIHN KOH
00 110 40 16 U117 67 32 HIIO 60
01 500 66 17 X 12 33 O 13
02 X 12 18 112 42 34 HIIO 60
03 2 02 19 2 02 35 Fe cos 1T
04 X 12 20 0 00 36 X 12
05 Fe* 16 21 - 11 37 I11 41
06 1A 4- 22 FX<0 51 38 c/m 50
07 1 01 23 45 45 39 UI11 61
08 - 11 24 2000 62 40 X 12
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPHSIX
Haxxumaemele Haxxumaemele Haxxumaemrie
Apec KJIABUIIH Kon Aupec KJIABHUIIIN Kon Apec KJIABUIIH Kon
09 HITA 6- 25 /- oL 41 41001} 6r
10 1 01 26 Fe* 16 42 + 10
11 + 10 27 /- oL 43 TI1 4T
12 O 13 28 1 01 44 Cc 50
13 IMA 4- 29 + 10 45 1 01
14 HIIO 60 30 HITA 6- 46 BIT 51
15 X 12 31 O 13 47 30 30

Breruncnenus BeayT no kBaapaTypHoii hopmyie Jlareppa:

[/ = S £(x,).
iml

Koopaunatsl X; 1 Beca Wi KBapaTypHOU (OpMyITbl TPUBEIEHBI B Ta0J. 2 puil. 4.

HNHcTpykuust padoThl ¢ MUKPOKAJIBKYJISITOPOM.

1. BBectu nmporpammy.
2. 3anucaTrh BEIMYUHBI «a», «B)» COOTBETCTBEHHO B PETUCTPHI 6, 7.
3. 3anucats «0» B peructp «JI».
4. BBIMIOJIHUTH BBIUMCIICHUS, BBOJS TaHHBIC U3 Ta0JI. 2 P 4 10 cxeme
Xi B/O C/m  we" ¢
X; B/O C/M  w.e" O/
Xis B/O C/M  wye™ O/
Pe3ynbrarhl BEIYMCIEHUN - B peTUCTpe «/]».
BBoirMbI€ UCXOIHBIE TaHHbBIE
TTapameTpsl Haxxumaembie kiaBuIm
A 116
B 117
Tect 11 TPOBEPKHU POTrPaMMBbI
ITapameTpsol 3HaueHus Pesynbrar
A 0,1333 12,509685
B 21
Bpewms cuera npumepHo 15 MuH.
IIPUJIOKEHHUE 7
* 1+az? [ bt
JEOSZ = 1-exp —1+a22
[Mporpamma pacuera ¢pynkuuu Fis (8, b) = \
Haxumaemblie Haxumaemblie Haxxumaemsie
AﬂpCC KJIaBUIIIN KOH AﬂpCC KJIaBUIIIH KOH Aupec KJIaBUIIIH KOH
00 1o 40 14 2 02 28 F cos 1T
01 Fx? 22 15 0 00 90 X 12
02 UIi6 66 16 - 11 30 11 41
03 X 12 17 FX<0 51 31 cm 50
04 1 01 18 37 37 32 51081 61
05 + 10 19 nri2 62 33 X 12
06 518(0) 60 20 /-1 oL 34 51001 6r
07 Fx 22 21 Fe* 16 35 + 10
08 O 13 22 /-1 oL 36 A 4T
09 114 44 23 1 01 37 cm 50
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPUIX
Haxumaemblie Haxumaemblie Haxxumaemsie
Aﬂpec KJIaBUIIIN KOH Aﬂpec KJIaBHUIIIH KOH Aupec KJIaBHUIIIH KOH
10 Fl1/x 23 24 + 10 38 1 01
11 urr7 67 25 uii4 64 10 BIT 51
12 X 12 26 X 12 40 25 25
13 112 42 27 nI1o 60
Breruncnenus BeayT no kBaapaTypHoii hopmyie Jlareppa:
o ¥
Jﬂz}ciz = > we" F (X))
i1
Koopaunats! Xj 1 Beca W; KBajipaTypHoOi (opMyJIbl IpUBEACHBI B Tab. 2 mpui. 4.
HNHcTpyK1us padoThl ¢ MUKPOKAJIBKYJISITOPOM.
1. Brectu nporpammy.
2. 3anucaTh BEJIMYUHBI a, B COOTBETCTBEHHO B PETUCTPHI O, 7.
3. 3anucate «0» B peructp «».
4. BBIMOMHUTD BBIYUCIICHUS, BBOS JaHHBIC U3 Ta0J. 2 IpUIL. 4 o cxeme
X1 B/O CM  we" O/
Xo B/O CM  w€E™ O/l
Xis B/O C/M  w€" C/II
Pe3ynbrarhl BEIYMCIEHUHN - B peTUCTpe «/]».
BBoirMbI€ UCXOIHBIE TaHHbBIE
TTapameTpsl Haxxumaembie kiaBuIm
a 116
B 117
TecT nist MpoBEpKU MPOTPaMMBbI
ITapameTpsnl 3HaueHus Pesynbrar
a 0,1333
0 21 7,4970776
Bpewms cuera npumepHo 15 MuH.
IIPUJIO’KEHUE 8

R ra = J‘Jl(vj CS v erp(— 8 v th avid v
[Tporpamma pacyera GyHKIUN

WuTerpan paccuuThiBaeTcs 1o KBajaparypHoi ¢popmyse Jlareppa:
o ¥
Jq(x}dx = > we" (X)),
i1

rae Wi, Xj - BeC 1 KOOpAMHATHI Y3JI0B KBAApPaTypHOH (POpMYIIbI, KOTOpbIe PUBEJCHHI B Ta0Md. 2
npu. 4.

Haxunmaemere Haxumaemebie Haxunmaemere
Anpec KJIABHUIIIN Kon Anpec KJIABUIITH Kon Anpec KJIABHUIIIN Kon
00 I15 45 15 111 53 30 + 10
01 0 00 16 35 35 31 11 41
02 HII5 65 17 41001} oI 32 1 01
03 UIIB 6L 18 X 12 33 113 43
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TCPPUTOPUAX
Haxxumaemsie Haxumaemblie Haxxumaemsie
Anpec KJIABHIITU Kon Anpec KJIABUIIU Kon Anpec KJIABHIITU Kon
04 12 19 na 4r 34 cm 50
05 /-1 0 20 nris 65 35 1 01
06 UIIs 65 21 UIIC 61 36 16 46
07 UITA 6- 22 X 12 37 UII3 63
08 X 12 23 11 53 38 FX=0 7
09 11 53 24 35 35 39 49 49
10 87 87 25 51801 6I 40 18 48
11 X 12 26 X 12 41 120 66
12 Fe* 16 27 C1l 50 42 X 12
13 A 4r 28 X 12 43 16 46
14 UIIS 65 29 UIIl1 61 44 UII8 68
45 1 01 63 uri4 64 81 62 62
46 - 11 64 410K} 63 82 0 00
47 Fx=0 SE 65 + 10 83 14 44
48 40 40 66 uri4 64 84 I3 43
49 UIiIs 65 67 X 12 85 UII8 68
50 2 02 68 J210LY 69 86 B/0 52
51 O 13 69 O 13 87 Fe* 16
52 1o 40 70 ur17 67 88 OE
53 FX? 22 71 I/ 01 89 OE
54 119 49 72 — 14 90 F1/x 23
Xy
—
55 UI13 63 73 O 13 + 10
56 HUII0 60 74 117 47 92 2 02
57 FXY 24 75 UII8 68 93 O 13
58 UIie 66 76 + 10 94 - 11
59 O 13 77 118 48 95 FBx 0
60 17 47 78 FBx 0 96 O 13
61 I18 48 79 - 11 97 B/0O 52
62 KUII4 r4 80 Fx=0 5E
BBoaguMelie ncxonHbIe JaHHEIE
TTapameTpsl Haxxumaembie kiaBuIm
a A
B A
F I1cC
1 I3
0 1
0 114
Tect AJI IIPOBEPKHU IMTPOrpaMMbl
ITapameTpsl 3HayeHus PesynbraT
a 1
B 1
7 1
X1 (0,5)
(0,09) ,
erx, 0,5 (6,022766 - 10™)
(0,24) (1,0680605 - 10?%)

HNHcTpyK1us padoThl ¢ MUKPOKAJIBKYJISAITOPOM.

1. HaGpates nporpamMmy.
2. BecTtu ncxoaHbple TaHHLBIE.

3. BBoauTh TaHHBIE U3 TAOIUIBI 1. | B CIIEAYIOIIEM HOPsIIKE

X1

B/O

C/m
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

Xz B/O C/M  wpe™ ¢/
X1s B/O C/M  wpse™ O
4. Pe3ynbTaT COEPKUTCS B sueiike 1.

Bpewmst pacuera mo 1 y3my [12 mumn.
IIPUJIOKEHHUE 9

w 3
F(F, 8. fug) = J‘Jl(v)Jn () Exp[—%]dv

[Iporpamma pacuera ¢pyHKIMU

WHuTerpan paccuuThIBaeTCs Mo KBaapaTypHoit popmyne Jlareppa:

o o
Jg(x]dx = Zwié'”' gz,
iml
rzie Wi, Xj - BEC ¥ KOOPIUHATHI y3JI0B KBaApaTypHOI (pOpMYIIbI, IPUBEICHHBIEC B Ta0M.
Haxxumaemeie Haxxumaemele Haxxumaemeie

Apec KJIABUIIH Kon Apec KJIABHUIIIN Kon Aupec KJIABUIIH Kon
00 119 49 31 %000 62 61 FXY 24
01 0 00 32 + 10 62 UIl6 66
02 U119 69 33 112 42 63 O 13
03 Fx? 22 34 1 01 64 117 47
04 HIIC 6[ 35 13 43 65 118 48
05 X 12 36 ci 50 66 KUII14 T4
06 HII9 69 37 BIT 51 67 114 64
07 FX? 22 38 00 00 68 HII13 63
08 HIIB 6L 39 1 01 69 + 10
09 X 12 40 I16 46 70 114 64
10 1 01 41 UII3 63 71 X 12
11 + 10 42 FX [J0 57 72 UIIs 65
12 O 13 43 53 53 73 O 13
13 [ oL 44 I18 48 74 nI17 67
14 Fe* 16 45 700 (3) 66 75 [ oL
15 111 41 46 X 12 76 — 14

XY
«—

16 HII9 69 47 I16 46 77 O 13
17 111 53 48 HII8 68 78 117 47
18 39 39 49 1 01 79 HII8 68
19 UII1 61 50 - 11 80 + 10
20 X 12 51 FX=0 5E 81 118 48
21 111 41 52 44 44 82 FBX 0
22 HII19 69 53 U119 69 83 - 11
23 UITA 6- 54 2 02 84 FX=0 5E
24 X 12 55 O 13 85 66 66
25 111 53 56 110 40 86 0 00
26 39 39 57 FX? 22 87 114 44
27 HII1 61 58 I15 45 88 113 43
28 X 12 59 HII3 63 89 HII8 68
29 Cc 50 60 HII0 60 90 B/0 52
30 X 12

BBO,Z[I/IMBIG HUCXOOHBIC JAaHHBIC

HapaMeTpLI Ha)KI/IMaeMLIe KJIABUIIIHU
0 14
1 13
7 1A
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

HapaMeTpLI Haxxumaemble KIaBHIIKI
; 1B
fon i
0 12

Tect 1t MpoBepKH MPOTPAMMBI

ITapameTpsnl 3HaueHus Pesynbrar
7 1
B 1
fos 1
X1 (0,5)
(0,09)
0,5 9,3073975 - 10
W, ( )
(0,24) (1,0681067 - 10%)

NHcTpykuus padoThl ¢ MUKPOKAJILKYJISATOPOM

1. HaGpate mporpaMmy.

2. BBecTu ucxoaHble TaHHEIE.

3. BBoauTh TaHHBIE U3 TAOJIUIIBI B CIECIYIOIIEM MOPSIKE
X4 B0 CM  w €' C/II
X, B0 C/M  w,€* C/II
Xis B/IO C/MI  wis€" C/II

4. Pe3ynbTaT COCPKUTCS B sTUCHKE 2.
Bpewmst pacuera o 1 y3my [11,5 muH.

IIPUJIO)KEHUE 10
ooy 21
S —
[Tporpamma pacuera GyHKIHH 6 (’ggc 7) =2 -1 Syth byl exp (- L/ th by, s ), bh= 2 &
Haxxumaemeie Haxxnmaempie Haxxumaemeie

Aﬂpec KJIIAaBUIIIHU KOH A,upec KJIaBUIIIHN KOH Aﬂpec KIIaBHUIIIHU KOH
00 11 53 12 X 12 24 O 13
01 54 54 13 II1 53 25 HITO 60
02 2 02 14 41 41 26 O 13
03 X 12 15 110 40 27 HITA 6-
04 1 01 16 UIIA 6- 28 F sin 1]
05 - 11 17 X 12 29 X 12
06 2 02 18 HIIC 6[ 30 HII1 61
07 O 13 19 X 12 31 / 10
08 FI1 20 20 /- 11 32 I11 41
09 X 12 21 Fe* 16 33 FBX 0
10 IIA 4- 22 UITA 6- 34 - 11
11 UIIB 6L 23 FX? 22 35 FX=0 5E
36 00 00 44 - 11 52 O 13
37 HIIl1 61 45 2 02 53 B/0 52
38 2 02 46 O 13 54 14 64
39 X 12 47 OE 55 1 01
40 cm 50 48 FX? 22 56 + 10
41 Fe* 16 49 1 01 57 114 44
42 OE 50 + 10 58 B/0 52
43 F1/X 23 51 Fv 21

BBO,Z[I/IMBIG HUCXOOHBIC JaHHBIC
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

ITapameTpsl Haxxumaemsle k1aBumu
h. 1B
T Ic
0 11
0 114

Tect 1t mpoBepku pabOTHI TPOTrPAMMBI

TTapameTpsl 3HaueHus Pesynbrar
n 1
T 0,5
n 9
0,42208234

HNHcTpykuust padoThl ¢ MUKPOKAJIBKYJISITOPOM.

1. BBectu nmporpammy.

2. BBecTu UCX0/IHbIE TaHHBIE.

3. Haxars knasuiu B/O, C/11.
Bpewms cuera nmpuMepHO S5 MUH.

[IPUJIO)KEHUE 11
1 _ ] _ Hmmrp qu _ 5
Eg? (.?E,_f;],BI:l - Z—EEOS -ﬂx(l - X:l CXp (_-L'{xj;])
[Iporpamma pacuera pyHKIIUH nel iy
00 TII1 53 09 1A 4- 18 X 12
01 63 63 10 Uris 65 19 /-1 oL
02 1 01 11 1B 4L 20 Fe* 16
03 - 11 12 Ic 4 21 1 01
04 FII 20 13 I1I1 53 22 170803 66
05 X 12 14 67 67 23 - 11
06 118 48 15 UIA 6- 24 UIA 6-
07 U2 62 16 FX? 22 25 X 12
08 + 10 17 200 67 26 F cos 1
27 X 12 51 + 10 75 O 13
28 UIA 6- 52 UI9 69 76 FX? 22
29 FX? 22 53 + 10 77 UM 5T
30 O 13 54 O 13 78 - 11
31 UI19 69 55 UII3 63 79 FX 0O 5E
32 Fx? 22 56 + 10 80 82 82
33 UIA 6- 57 13 43 81 B/0 52
34 Fx? 22 58 FBX 0 82 UI9 69
35 + 10 59 - 11 83 UIA 6-
36 =Y 21 60 FX=0 SE 84 Ftg 1E
37 X 12 61 00 0 85 O 13
38 2 02 62 c/m 50 86 UIA 6-
39 X 12 63 KUI14 F4 87 - 11
40 UI9 69 64 KI14 L4 88 UIIC 6[
41 X 12 65 114 44 89 N 14
XY
-
42 UIA 6- 66 B/0 52 90 Ic 4
43 O 13 67 UIIB 6L 91 X 12
44 UII8 68 68 2 02 92 FX OO 5[
45 F cos T 69 O 13 93 67 67
46 X 12 70 1B 4L 94 UIIB 6L
47 UIA 6- 71 OE 95 /-1 oL
48 FX? 22 72 UTA 6- 96 BII 51
49 UI9 69 73 + 10 97 68 68
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

Haxumaemnie Haxxumaemnie Haxumaembie
Adtpec KJIABHILHA Koz Adtpec KJIABHILHA Koz Adipec KJIABHILHA Koz
50 FX* 22 74 A 4-

BBoguMeble HCXOOHBIE JaHHBIE

ITapameTpsor Haxxumaewmbie KjaBUIm
T 0l 15
2
0 juli|
Bi 19
fo 17
0 13
0 14
X 16
0,1 112

Tect nist mpoBepku pabOTHI MPOrPaMMBbI

TTapameTpsl 3HaueHus Pesynbrar
1-10°
Bi 1
fo 0,5
X 0,3
n 3
I3 6,4348920
o 0,85974214

HNHcTpyKuus padoThl ¢ MUKPOKAJIBKYJIATOPOM

1. Beectu mporpammy.

2. BBecTu ucxoaHble TaHHEIE.

3. Pe3ynbrar cuera B siueiike «3».
[Tocne okoHuaHus cuera
IT(n-1)- B peructpe 8
Ln - B peructpe ITA
n - B peructpe 114
Bpewms cueta npumepno 10 MuH.

pumeuanue. [lorpemsocTs Borancienns GpyHkuun He 6omee 10 (110 a6ComOTHON BenmudnHe).

IHPUIIO)KEHUE 12
1 _ R _ 2
SOE, i B ) = > Acos s, (1= D) exp [ - AL
[Iporpamma pacuera GyHKITUH 7=l L7
Haxxumaemrie Haxxumaemele Haxxumaemrie

Aupec KJIaBUIITHU KOH Aupec KJIaBUILIIHU KOH A)Jpec KJIaBUIITU KOH
00 II11 53 33 X 12 65 B/0 52
01 62 62 34 2 02 66 UIIB 6L
02 1 01 35 X 12 67 2 02
03 - 11 36 HII9 69 68 O 13
04 Frz 20 37 X 12 69 1B 4L
05 X 12 38 HITA 6- 70 OE
06 18 48 39 O 13 71 HIIA 6-
07 ITA 4- 40 HII8 68 72 + 10
08 U115 65 41 F cos 1T 73 ITA 4-
09 I1B 4L 42 X 12 74 O 13
10 IC 41 43 UIA 6- 75 FX? 22
11 11 53 44 FX? 22 76 AT 4T
12 66 66 45 HII9 69 77 - 11
13 nIi7 67 46 FX? 22 78 FX o0 5
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPUAX
Haxxumaemrie Haxxumaemele Haxxumaemrie
Aupec KJIABUIIH Kon Aupec KJIABHUIIIN Kon Apec KJIABUIIH Kon
14 UITA 6- 47 + 10 79 81 81
15 FX? 22 48 U119 69 80 B/0 52
16 F1/X 23 49 + 10 81 HII9 69
17 HII12 62 50 O 13 82 HITA 6-
18 + 10 51 HII3 63 83 F tg 1E
19 O 13 52 + 10 84 O 13
20 [~/ oL 53 13 43 85 HITA 6-
21 Fe* 16 54 FBX 0 86 - 11
22 UIl6 66 55 - 11 87 HIIC 6[
23 UIA 6- 56 FX? 22 88 — 14
XY
«—
24 X 12 57 UIa 6r 89 IC 4
25 F cos 1T 58 - 11 90 X 12
26 X 12 59 FX Jo 5 91 FX 0o 5
27 HII9 69 60 00 00 92 66 66
28 FX? 22 61 c/m 50 93 WIIB 6L
29 HITA 6- 62 KUII4 Ir4 94 [~/ oL
30 FX? 22 63 W14 64 95 BIT 51
31 + 10 64 114 44 96 67 67
32 Fy 21
BBO,Z[I/IMBIG HNCXOJHBIC JaHHBIC
ITapameTpsl Haxxumaemsble kj1aBUIIn
2 115
2
& I
Bi 119
fo 117
(L- %) Ho
B 112
0 113
0 114
TGCT JJI HpOBepKI/I pa6OTI>I HpOFpaMMBI
ITapameTpsl 3HaueHUs Pesynbrat
& 1-10°
Bi 1
fo 0,5
(1 _x ) 0,3
B 0,2
n 5
s 12,652274
12 0,77049024

HNHcTpyknus padoTbl ¢ MUKPOKAJIBKYJISTOPOM

1. BBectu mporpammy.

2. BBecTH HCXOIHBIE JaHHBIE.

3. Pe3ynbTar cuera B situeike 3.
Bpewms cuera npumepHo 10 MuH.

IIpumeganus: 1. [Tocie okoHUaHUS cueTa 3HAUEHUS N - B sUelike 4, i, - B sUeiike A. 2. ¢ - abcoimoTHas

TOTPENTHOCTh BBIYUCIICHUS G (3a1a€TCsI B 3aBUCUMOCTH OT HEOOXOIUMOM TOYHOCTH BBIYMCIICHUH ).
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX

TCPPUTOPUAX
W 2
%5‘0 (%, fog. 58, B) = Ziﬁcos Hy (1= X)exp _[%]
[Tporpamma pacyera GyHKIUN =l M A
Haxumaembie Haxxumaembie Haxxumaemsie
Aapec KJIaBUIIIHU KOH Azxpec KJIaBUIIIHU KOH Azxpec KIIaBHUIIIHU KOH
00 III1 53 13 nI17 67 26 X 12
01 62 62 14 UITA 6- 27 UITIA 6-
02 1 01 15 FX? 22 28 FX? 22
03 - 11 16 F1/X 23 29 O 13
04 FII 20 17 UII12 62 30 U119 69
05 X 12 18 + 10 31 FX? 22
06 118 48 19 O 13 32 HITIA 6-
07 1A 4- 20 /-l oL 33 FX? 22
08 UII5 65 21 Fe* 16 34 + 10
09 I1B 4L 22 U116 66 35 F 21
10 IIC 4 23 HITA 6- 36 X 12
11 111 53 24 X 12 37 2 02
12 66 66 25 F cos 1T 38 X 12
39 HI19 69 59 FX=0 5E 78 FX [JO0 5[
40 X 12 60 00 00 79 81 81
41 HITA 6- 61 cm 50 80 B/0 52
42 O 13 62 KUII4 I'4 81 HII9 69
43 HII8 68 63 nI4 64 82 UITA 6-
44 F cos 1T 64 114 44 83 F tg 1E
45 X 12 65 B/O 52 84 O 13
46 UITA 6- 66 HIIB 6L 85 HITA 6-
47 FX? 22 67 2 02 86 - 11
48 HII9 69 68 O 13 87 UIIC 6[
49 FX? 22 69 1B 4L 88 - 14
XY
“«—
50 + 10 70 OE 89 IIC 4
51 HII19 69 71 UITA 6- 90 X 12
52 + 10 72 + 10 91 FX Jo 5
53 O 13 73 TTA 4- 92 66 66
54 I3 63 74 O 13 93 HIIB 6L
55 + 10 75 FX?2 22 94 /- oL
56 13 43 76 UI? 6r 95 BII 51
57 FBX 0 77 - 11 96 67 67
58 - 11
BBoanMbIe ncXOQHBIE TaHHBIE
ITapameTpsnl Haxxumaemsbie kiaBum
s 115
2
& I
Bi 119
fo 7
(1-%) e
B 12
0 113
0 114
Tect mis mpoBepku pabOTHI IPOTPAMMBI
ITapameTpsl 3HaueHUs Pesynbrat
& 1-10*
Bi 1
f, 0,5
(L- %) 03
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IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

ITapameTpsl 3HaueHUs Pesynbrat
B 0,2
n 6
s 15,769323
0 1,0603506

HNHcTpyKkuus padoThbl ¢ MUKPOKAJIBKYJIATOPOM

1. Beectu mporpammy.

2. BBecTu ncxoaHble TaHHEIE.
Pesynbrar cuera B siueiike «3».
ITocne okoHuaHus cyeTa
(- 1) - B peructpe 8
My, - B stuetike [TA
n - B siueiike 114
Bpewms cuera npumepno 10 MuH.

Hpumeuanue. [lorpemHocTs BerarcaeHns GpyHKuun He Gonee 10° (110 a6comoTHON BennnHe).

1IPHJIO’KEHUE 14

= S0 F)

l‘i:'u(f::f:’z_?.::' = Z
IMporpamma pacuera GpyHKIUH wT Vi (1)

exp (~TV, th Uk,

I[lepBrie miecTs KOpHEH vy puBeaeHs! B mpui. 3 (nmpu Bi = [

Haxxumaemrie Haxxumaemrie Haxxumaemele
Apec KJIABUIIH Kon Aupec KJIABUIIH Kon Apec KJIABHUIIIN Kon
00 ITA 4- 33 111 41 65 110 40
01 UIIB 6L 34 C/n 50 66 FX? 22
02 X 12 35 Fe* 16 67 119 49
03 I1I1 53 36 FX?2 22 68 HII5 65
04 35 35 37 1 01 69 HII0 60
05 HITA 6- 38 + 10 70 FXY 24
06 X 12 39 2 02 71 HII5 65
07 HIIC 6 40 O 13 72 O 13
08 X 12 41 F1/X 23 73 117 47
09 Fe* 16 42 1 01 74 I18 48
10 HITA 6- 43 - 11 75 KUII4 Ir4
11 O 13 44 B/0 52 76 HIi4 64
12 112 42 45 119 49 77 HII5 65
13 0 00 46 0 00 78 + 10
14 115 45 47 114 44 79 HII1e6 66
15 UITIA 6- 48 1 01 80 X 12
16 41001} 6r 49 116 46 81 HII9 69
17 X 12 50 HII5 65 82 O 13
18 111 53 51 FX=0 57 83 nI17 67
19 45 45 52 62 62 84 /- oL
20 HII12 62 53 118 48 85 — 14
XY
«—

21 X 12 54 HII6 66 86 O 13
22 112 42 55 X 12 87 117 47
23 1 01 56 116 46 88 HIIS8 68
24 115 45 57 HII8 68 89 + 10
25 UITA 6- 58 1 01 90 118 48

26 I1I1 53 59 - 11 91 FBX 0
7 45 45 60 FX=0 5E 92 - 11
28 HII12 62 61 53 53 93 FX=0 5E
29. O 13 62 HII9 69 94 75 75
30 F1/X 23 63 2 02 95 HII8 68
31 HII1 61 64 O 13 96 B/0 52

NormaCS® (NRMS10-04869) WWw.normacs.ru 20.05.2010 13:11




IToco6ue k CHulI 2.06.15-85 ITporHo3bI MOATOIUICHUS U pacyeT APEHAKHBIX CUCTEM Ha 3aCTParBAEMbIX U 3aCTPOCHHBIX
TEPPUTOPHIX

Aubec Haxumaembie Ko Asbec Haxxumaemnie Ko Aubec Haxxumaemsie Ko
AP KJIQBHILIA A P KJIaBHILA A AP KJIABHILHA A
32 + 10

BBoguMeble HCXOOHBIE JaHHBIE

ITapameTpsnl Haxxumaembie kiaBum
i 1B
3
T Ic
7 T
0 I11

Tect nist mpoBepku pabOTHI MPOTrPaMMBbI

ITapameTpsl 3HaueHUs Pesynbrat

2y 0,5

T 1

7 0,3

() 2,4048 0,0772
[ 5,5201 0,0783
[ 8,6537 0,0783
L, 11,7915 0,0783

OpHEHTUPOBOYHOE BpEeMSI cUeTa Jisl OJHOTO BBEAEHHOr0 KOpHs 10 MuH.

IHpumeganus: 1. [lo okoHYaHNN BBOJA IPOTPAMMBI M HCXOHBIX TaHHBIX BBOJIUM CIIEAYIOIINE TAPaMETPhI:

0 B/O Cin
! B/O CIn
0, B/O Cin

2. BBox v, IpeKpaImaioT, eciii pa3HOCTh MEKAY ABYMs pe3ylIbTaTaMH cdeTa MEHbIIIE TpeOyeMOon OTpEIIHOCTH.
IIPUJIOJKEHUE 15

[Tporpamma amnst pacueros 1o popmyne (135) (cmaraemoe 1)

i =4iisiﬂ {,{:kle sin I:.MMZ:I 'Qﬁiﬁu:ﬁg) Exp (_z{'{imﬂ)

i1 w1 Fm
Haxxumaemsie Haxumaemsie Haxxumaembie
Adtpec KJIABUILHA Koz Adipec KJIABHILHA Koz Adipec KJIABHILHA Koz
00 UITA 6- 21 2 2 43 HII10 60
01 I11 41 22 X 12 44 2 02
02 HIIl1 61 23 1 01 45 X 12
03 HII5 65 24 - 11 46 1 01
04 O 13 25 HII15 65 47 - 11
05 I18 48 26 X 12 48 I18 48
06 HIi4 64 27 HIT1 61 49 HII3 63
07 X 12 28 O 13 50 X 12
08 F sin 1[ 29 FX? 22 51 F sin 1
09 HIT1 61 30 1 01 52 HII8 68
10 O 13 31 + 10 53 O 13
11 UII8 68 32 F1/x 53 54 HII8 68
12 FX? 22 33 /-l 0 55 FX? 22
13 UIIB 6L 34 T 45 56 UII8 68
14 X 12 35 KIII12 -2 57 X 12
15 /- oL 36 UII8 68 58 /- OL
16 Fe* 16 37 X 12 59 Fe* 16
17 — 14 38 HI19 69 60 — 14
XY XY
«— «—
18 X 12 39 + 10 61 X 12
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Haxumaemsle Haxumaemble Haxumaemble
Anpec KJIaBUIIN Kon Anpec KJIaBUIIN Kon Anpec KJIaBUIIT Kon
19 I18 48 40 19 49 62 HII9 69
20 HII0 60 41 FL1 5L 63 X 12
42 02 02 64 HIIC 6[
65 + 10 76 O 13 87 7 07
66 Ic 41 77 C/m 50 88 9 09
67 0 00 78 8 08 89 12 42
68 19 49 79 8 08 90 1 01
69 FLO ST 80 12 42 91 nI17 67
70 00 00 81 1 01 92 + 10
71 HIIC 6F 82 nI17 67 93 41001 or
72 8 08 83 - 11 94 X 12
73 X 12 84 141801 6I 95 HIi6 66
74 FIT 20 85 X 12 96 + 10
75 FX? 22 86 B/0 52 97 B/0 52
BBoagnMeie ncxonHbIe JaHHEBIE
ITapameTpsl Haxxumaemsble KJ1aBUIIN
k 110
m A
Fo I1B
¥ I13
7 14
r I15
ZE':' 116
7, 17
79 112
Tect nist mpoBepku pabOTHI MPOTrPaMMBbI
ITapameTpsl 3HayeHus Pesynbrat
k 2
m 2
F 0,4284
z 0,364
Fo 1,198 - 10°
5 0,19
2% 08
T, 0,003 0,32033732

HMHcTpyknus padoTbl ¢ MUKPOKAJIBKYJISATOPOM

1. Haxars kiaBumu B/O F TIPT.
2. Beectu nporpammy c agpeca ot 00 go 97.
IIpumep: HAKMIMaEM NOCIEAOBATENBHO KIABHIIN

NIl u AIl u I UIl u 1 u T.1.

3. [Tocne Habopa nmporpaMMbl HaXKaTh KiaaBumu F Abm.
4. Beectu HCXOAHBIC JAaHHBIC COIJIAaCHO TaGHI/ILIG «BBOJUMBIC UCXOAHBIC JAHHBIC»
Ipumep. {1t mpoBepku pabOTHI MPOrpaMMBbl HAOUPAEM TECTOBBIC 3HAUCHHS ITAPAMETPOB.

TTapameTpsl 3HadeHUs Haxxumaemsbie kiaBum
k 2 2 I 0
m 2 2 I1 A

5. 3anucats 0 B peructpst [, C, 1, 8, 9.
IIpumep. Haxxatps xinaBuim
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CxIm A IMCIIIIs8IlOI

6. Haxarp knaBumm B/O C/I1
[Iporpamma Havana paboTaTh.

Bpewms cueta 40 mun, pesynstaTr ¥ = 0,32033732.
7. Tlocme cuera 1O TecTy, HE BBIKJIIOYAas MHUKPOKAJIBKYIATOP, HayMHAaeM paboTaTh
MOCJIETIOBATEIBHO 10 MHCTPYKIHH (11. 3 - 6), HO IPH 3TOM BBOJUM CBOM 3HAUYCHUS MTapaMETPOB
1o TaGHI/IL[e «BBOJUMBIC UCXOAHBIC JAHHBIC).

3HaveHuss KOA(GGHUIMEHTOB cueta K M m Bcerja dYeTHbIC, 3aJal0TCS B 3aBUCHMOCTH OT
HEOOXOUMOM TOYHOCTH Pe3yJIbTaTa.

st Fo < 10°% k> 20, npu Fo > 0,3 k = 2.

Bpewms cuera mpu k = 10, m = 10 ~ 40 muH.

[Ipu BBIKIIOYEHUH NUTaHUS Iporpamma crupaercs. Ilosromy Ui cOXpaHEeHUs MPOrpaMMbl
Ha OINpEACTICHHOE BpeMsl NMUTAaHHE MHUKPOKAIBKYISITOpa HENb3s OTKIYaTh. B mpoTuBHOM
CJIydac nmpuacTcs BBOAUTH IPpOrpaMmMy CHOBaA.

1IPHJIO’KEHUE 16

[Iporpamma aiist pacueroB no gopmyiie (135) (2 ciaraemoe)

oo zish[ pb (1= Z)]+ iy sh (0 Z) sin (e X)
k=1

sh (&) Hy,
Haxumaemsle Haxumaemble Haxumaemble
Anpec KJIaBUIIN Kon Anpec KJIaBUIIN Kon Anpec KJIaBUIIN Kon
00 HII0 60 19 Fe* 16 38 1B 4L
01 2 02 20 OE 39 UIIA 6-
02 X 12 21 F1/x 23 40 nri4 64
03 1 01 22 - 11 41 X 12
04 - 11 23 UII3 63 42 F sin 10
05 ITA 4- 24 X 12 43 UITA 6-
06 UIi2 62 25 UIIB 6 4 ([ 13
07 51081 61 26 + 10 45 UIIB 6L
08 - 11 27 1B 4 46 X 12
09 UIIA 6- 28 HIIA 6- 47 1418(@ 6[
10 X 12 29 nIi2 62 48 + 10
11 Fe* 16 30 X 12 49 Ic 41
12 OE 31 Fe* 16 50 FLO ST
13 F1/X 23 32 OE 51 00 00
14 - 11 33 F1/x 23 52 4 04
15 I1B 4 34 - 11 53 X 12
16 UITA 6- 35 F1/x 23 54 FIT 20
17 Il 61 36 UIIB 6L 55 (| 13
18 X 12 37 X 12 56 c/n 50
BBO,Z[I/IMBIG HUCXOOHBIC JaHHBIC
ITapameTpsl Haxxumaemsble kj1aBUIIn
k 110
7 11
B 12
I, I3
¥ 114
Tect s npoBepku pabOTHI MPOrPaMMBbl
ITapameTpsl 3HayeHus Pesynbrat
k 2
7 0,364
5 0,6
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ITapameTpsl 3HayeHus Pesynbrat
T, 0,003
¥ 0,4284 0,30575502

HNHcTpyKuMs padoThl ¢ MUKPOKAJIBKYJIATOPOM

1. Haxarp kiaBumu B/O F TIPT.

2. Beectu nporpammy ¢ aapeca ot 00 go 56.

3. Ilocnie HaOopa mporpaMmbl HaXKaTh KiIaBuim F Abm.

4. BBecTH HCXOHBIE TAHHBIE COTIIACHO TAOIHUIIE «BBOJUMBIC HCXOHBIC TAHHBIEY.
IIpumep: BBOJUM TECTOBBIC 3HAUECHUS TAPAMETPOB

K2I1O z 0,364I11 50,6112
PesynbTat 0,30575502

5. 3anucats 0 B peructp C. Haxats xnasumu Cx IT C.
6. Haxxatp knmaBumm B/O C/I1. Bpems cuera 5 muH.

HIPUJIOJKEHUE 17
[Tporpamma aist pacuetos mo popmyie (137)
— = 51 K z__ _ a
7=7+2> g (-1 (1- ) exp (42 F,)
W=l ,L{m
Haxumaemslie Haxumaemslie Haxumaemslie
Anpec KJIABHIITU Kon Anpec KJIABHIITU Kon Anpec KJIABHIITU Kon
00 UII1 61 17 KIII12 -2 34 112 42
01 FIT 20 18 uIi7 67 35 HIiB 6L
02 X 12 19 X 12 36 1 01
03 HIIA 6- 20 UII8 63 37 - 11
04 X 12 21 + 10 38 /-1 0
05 F sin 10 22 I18 48 39 HIiB 6
06 UIT1 61 23 F<1 5L 40 + 10
07 O 13 24 00 00 41 B/0 52
08 UII1 61 25 2 02 42 3 03
09 FX? 22 26 X 12 43 3 03
10 HIicC 61 27 FII 20 44 112 42
11 X 12 28 - 13 45 HIiB 6L
12 /-1 0 29 HIIA 6- 46 1 01
13 Fe* 16 30 + 10 47 - 11
14 — 14 31 Ccm 50 48 HIiB 60
XY
N
15 X 12 32 4 04 49 + 10
16 117 47 33 3 03 50 B/0 52
BBoaguMeie ucxonHble JaHHEBIE
ITapameTpsnl Haxxumaembie kiaBuIm
7 A
a, 1IB
F Ic
m 1
0 1B
33 112
Tect AT IPOBEPKHU pa6OTI)I IporpamMmaI
ITapameTpsl 3HayeHus Pesynbrat
7 0,12195
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ITapameTpsl 3HayeHus Pesynbrat
1, 1
Fo 0,60873318
m 4
0,27157311

HNHcTpyknus padoTbl ¢ MUKPOKAJIBKYJISTOPOM

1. Haxxatp kiapumm B/O F T1PT.

2. Beectu nporpammy c agpeca 00 no 50.

3. [Tocne Habopa nmporpaMMbl HaXKaTh KiaaBumu F Abm.

4. BBecTH HUCXO/IHBIE JTaHHBIE COTJIACHO TA0JIHIIE «BBOJUMEBIC HCXOIHBIC TAHHBICY.
IIpumep: BBOJUM TECTOBBIC 3HAYCHUS TTAPAMETPOB

70,12195TIA %1 T B
Pesynbrar pasen 0,27157311

5. Haxartp kmaBunry C/I1.
Bpewmst cuera = 3 MuH.
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COJAEPKAHUE

IlpeauciioBue
1. Ipuuunel 1 GakTOPLI NOATONJIECHUS TEPPUTOPUIA

OO0111€e MOJ0KEHUS

[IpyuYrHEBI TOATOINICHHS TEPPUTOPHI

Hcrounnky ¥ (HakTOpHI IOATOILIEHHUS

2. IIporuo3nl NOATOIIEHNS 3aCTPANBAaEeMbIX TEPPUTOPHUIA

HcxoaHple TpeAITOCBEIIKH

Cxemaruzauus OpUPOJHBIX YCIOBUH

PacueTsl mporuo3a NoATONJICHHUS TSPPUTOPHUH.
O0pa3oBaHKe BEPXOBOJKH Ha BOJOHEIIPOHMIIAEMBIX JIMH3aX B 30HE adpaliu
DopMHUpOBaHNUE TEXHOICHHOI'O BOJOHOCHOI'O TOPHM30HTA B IEpBOHAYAIbHO CYXHUX I'PYHTAX
IIporHo3 ypoOBEHHOTO PEKKMMAa I'DYHTOBBIX BOJ IPU HOJOCOOOPA3HOM JOMOJHHUTEIbHON
AHQUIbTPALUNA
Y4eT u3MEHEHHS JONOIHUTEILHON MHMUILTPAILIMYA BO BPEMEHHU
Pacuersl IIOBBINIEHUS] YPOBHEH IpHM MEHCTBHU HECKOILKHUX MOJOC HMHOWILTPALMU U
HAJIUYHMHU IPSIMOJIMHEHHBIX TPAaHMII IJIacTa
IIporHo3 uW3MEHEHHUs YPOBHEH TPYHTOBBIX BOJI IPH _yTEUKaX M3 BOJOHECYIIHX
KOMMYHHKAIINMH
IIporuo3 n3MeHeHMsl YPOBHEN I'PYHTOBBIX BOJI IPH PACTEKAHUM KYIIOJ0B I'PYHTOBBIX BOJ
[IporHo3 YpOBEHHOI'0 pPEKMMa TPYHTOBBIX BOJ NPH IOCTYINICHHH JONOJHHTCIHHOMU
MHOUILTPALMK M3 KPYIIIOW IUIOMIAKH
IIporHo3 NOATOIICHUS TEPPUTOPHI IPH NOCTYINICHUN JONOJIHUTEIHHON HHODUILTPALIMU B
Ipeienax KOIbIIEBON 30HbI
[Iporuo3 m3MeHEHHS YPOBHEH IIPH PACTEKAaHUU KYIOJIOB TPYHTOBBIX BOJ KPYIJILIX B IJIAHE

bopm
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ITporao3 moATOILUICHUS TEPPUTOPUN B PE3yAbTaTe MOAIIOPa TPYHTOBBIX BOJI IMPU CO3TAHUN

BOJOXPAaHMUIINIIL
OHDGI[GJIGHI/IG BCJIMYHMHBI JOIIOJHUTCIBHOI'O I/IHd)I/IJ'H:TDaI_[I/IOHHOI‘O IIUTaHUA

OmnpeneneHNUe BEIWYHMHBI AOIOJHHUTEILHOMN I/IHd)I/IJ'IBTDaHI/II/I IO  JaHHBIM PEKHMMHBIX

HAOJII0IEHUH

OmnpeneneHNe HHTCHCUBHOCTH YTEUYEK BOJIBI M3 TUHECHHO BBRITIHYTHIX KOMMYHHKAIIMH

OHDGI[GJIGHI/IG HMHTCHCUBHOCTHU I/IHd)I/IJII:TDaLII/IOHHOI‘O NUTAaHUA IIPpU INOCTVIICHHMHU €€ U3

II0JI0CO00PA3HOr0 UCTOYHUKA

OHDGI[GJIGHI/IG MHTCHCUBHOCTHU I/IHd)I/IJII:TDaLII/IOHHOI‘O NUTAaHUA IIPpU INOCTVIICHHMHU €€ U3

KpYIJoro o4dara

OHDGI[GJIGHI/IG BCJINMYHHBI I/IHd)I/IJ'H:TDaI_[I/IOHHOFO NUTAaHWA Ha OCHOBC BOI[HO-6aJIaHCOBBIX

pacucToOB

OHDGI[GJIGHI/IG BCJINMYHHBI I/IHd)I/IJII:TDaLII/IOHHOFO IUTaHWA MCTOJOM aHAJIOTUM

OnpeneneHue cpeagHer MOIHOCTH BOJOHOCHOI'O IIJIACTa
IIprMepsI pacueToB

3. IlpeaynpeauTeJbHbIe MEPONPUSITHS IO NPEIOTBPAINCHUIO  NOJATOIJICHUS
TEPPUTOPHIA

OO011as XxapaKTepUCTHKA PEAYIPEAUTENHHBIX MEPOIPUATHI

Opragu3aipys 1 YCKOPSHHE TOBEPXHOCTHOI'O CTOKA.

[ToBpIMICHHE TUNIAHUPOBOYHEIX OTMETOK

ITpeaymnpexaeHNue yTeUeK M3 BOJOIPOBOISIIINX COOPYKCHUM
'mapoun3onsanus moA3eMHBIX YacTel 3JaHIUM, COOPYKCHUM M KOMMYHHMKAITUN
IIpucTeHHbIe, IJACTOBBIC U CONIYTCTBYIOIINE JIPCHAKH.

BeHTHIIIIMOHHEIC IpSHAXKHU

Opranmzaims CKJIaAMPOBaHUs OTXO0JI0B IIPOU3BOJICTBA.
[IpoTHBOPUIETPAIIMOHHBIE DKPAHEI H 3aBECHI

ITepexBaThIBAIONINE APCHAKH

4. Coopy:KeHHs 110 3AIIUTE TEPPUTOPHIL OT NOATONJIECHHUSI M UX KOHCTPYKIIMH

OO0mas XxapaKTEpUCTUKA IPEHAKHDBIX CHUCTEM. .
KoHCTpYKIINH IpeHaKeH
T"opr3oHTAILHEIC APSHAXKHU
JIydeBble ApCHaXKH
I"anepelinbple ApeHAXKU
BeprukanbHbBIC IPECHAKU
KoMOuHnpoBaHHBIE APEHAKH
OcyiieHne c1adonpoOHUIAEMBIX TOPOJI
BakyyMHBIC IpeHAKH
[THeBMOHArHETaTEIbHBIC CUCTEMBI OCYIIICHHUS
CucTeMBbl 3alMTHBIX APSHAKEH
CoopykeHHs Ha ApSHa)Xax
PexoMeHaIMy 10 IPOMU3BOICTBY PAOOTEI IIPH CTPOUTEILCTBE APEHAKEMN.

5. I'maporeoJJoru4yeckye pacuerbl APEHAKHLIX CHCTEM

OO0111€e MOJ0KEHHUS

I'maporeonoruyeckre pacueThbl TOPU30HTAILHEIX APSHAXKEH
OmnpenencHue cpeaHel MOIHOCTH I1JIaCTa
['maporeonoruueckre pacyeThl JIVISBRIX APSHAXKEH
I'maporeosorudyeckre pacuyeThbl BEHTUIASIIMOHHBIX JIpEHAKEH

I'maporeonorndeckre pacuyeThl THEBMOHATHETATEILHEIX CHCTEM OCYIIICHHS TPYHTOB

I 'uaporeosornyeckme pacyersl TOPU30HTAIBHBIX BAKYYMHBIX IPECHAKEHN.
I'unporeosornuyeckie pacueThl BEPTUKAIBHBIX IPSHAXKEH
IIprMepbl THAPOr€0JIOrHUECKUX PACUETOB APEHAKEN

6. 'mapaBiimyeckue pacuernl APeHaKel
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Tloco6ue k CHull 2.06.15-85 IIporuo3s! MOATOIUICHUS U pacdyeT JPSHAXKHBIX CHCTEM Ha 3aCTPanBAEMbIX U 3aCTPOCHHBIX

TEPPUTOPHIX

Pacuer BogonprueMHoOM CIIOCOOHOCTHU TDV6 TOPU3O0HTAJIBHOT'O APCHAXKA.

Pacyer BogoIIprueMHON ciocoOHOCTH TpYOODMIBETPOB

Pacuer BogonprueMHoOM CIIOCOOHOCTHU BCPTHKAJIBHOI'O APCHAXA.

[Tox0Oop apeHakHBIX OOCKIIIOK ApEHAXKA

PacueT BogonponycKHoOM CIIOCOOHOCTHU TOPHU30OHTAJIBLHOT'O ApCHAXaA.

Pacyer BOAOIIPOITYCKHON CIOCOOHOCTH (QUABLTPVIOMINX HOCTEIIEH.

I'mapaBnmuecKkuii pacuyeT CMCTEMBI BEHTHIISIIIMOHHOTO APSHUPOBAHUS

ITpumMmepsl pacyeToB

Ipunoscenue 1
Ilpunoscenue 2
Ipunoscenue 3
Ipunoscenue 4
Ilpunosicenue 5
Ipunoscenue 6
Ilpunoosicenue 7
Ipunoscenue 8
Ilpunoscernue 9
Ipunoscenue 10
Ipunoscenue 11
Ipunoscenue 12
Ipunoscenue 13
Ipunoscenue 14
Ipunoscenue 15
Ilpunoscenue 16
Ipunoscenue 17

Jluteparypa
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