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AnueB P.M., TOKTOp TeXHUYECKUX HayK, reHepaibHOro nupekrop OO0 «I'eoTtepmHedTerasy

MeTtonudeckue peKOMEHIAINH K BBITTOJIHEHUIO J1a00paTOPHBIX PabOT M0 MEKIUCIUILIMHAPHOMY
Kypcy «bypeHue HaKJIOHHO-HANPaBJICHHBIX W TOPU30HTAIBHBIX CKBAKWH» CICIHUATBHOCTH
21.02.02. Bypenue He(pTSHBIX U Ta30BBIX CKBAKHH

Pa3paboTuuk:
[IpenonaBarens cneunanbHbix auctuiind ['BIIOY P «Texnuyeckuit komnemx um. P.H.
AmypanueBa» Kyp6anos Pamug AnnbexoBuy

PaccMoTpeHBl OCHOBHBIC BOIPOCHI TEOPUH, TEXHHUKA U TEXHOJOTMH HAIPABICHHOTO OypeHUs
IPUMEHUTEIBHO K OypeHHIO CKBaXMH Ha He(pThb M ra3. [lpuBeneHbl cBeleHUS O NMPUUYMHAX U
3aKOHOMEPHOCTSIX MCKPHBJICHUS CKBKWH, CPEJCTBAX M TEXHOJIOTUSX OYpEHHUs CKBaKUH II0
3aJaHHBIM TPACKTOPUAM, TCXHOJIOTHAX W TCXHUUYCCKHX CPCACTBAX HCKPHUBJICHUA CKBaXHH, O
OypeHUU MHOTOCTBOJIBHBIX CKBa)KHH.

IIpencraBiensl IpUMEPBI PaCYETOB U OCHOBHAS! TEPMHUHOJIOTHS.

Mertoandeckoe yKa3aHUe K BBIMOJHEHUIO JTJAOOPATOPHBIX Pa0OT MPEeIHA3HAYCHO IS CTYICHTOB
cpenHe TpoeCCHOHAIBLHOTO 00pa3oBaHus, oOydaromuxcs mo crermuanbHocTH 21.02.02
«bypenne He(pTSIHBIX U TA30BBIX CKBAXKHH

PaccmoTtpeno:
HAa 3ace/IaHUU He(TEra3oBbIX TUCIUILINH
[Tpotokom Ne OT «__» 20 r

[Ipeacenarens /P.A. KypGanos/



IIpakTHyeckas padora Ne 1
2 4aca
BBIBOP BY COI'VTACHO I'OPHO -T'EOJIOT'MTYECKHUM YCJIOBUAM
BYPEHUA

1.Ileas padoThI
[TpuoOpeTeHue NpakTUHYECKUX HABBIKOB OINpeIeieHus Harpy3ok Ha bY u Be1Oop
BY coriacHo rOpHO — reoJ0rH4ecKUM yCIOBHSIM OypeHHs
2.00ecneynBaKOIIMe CPeICTBA
2.1.Meroanueckue yka3aHus
2.2 . KanpKynsaTopsl
2.3.Marepuasibl MECTOPOKICHUN
3. 3axanue
3.1.3yuutsh TeKCT K pabote
3.2.PacyeT Beca 00caHOM KOJIOHHBI
3.3. Pacuer Beca OypHJIbHOM KOJOHBI
3.4. O6ocHoBanue bY
4. TpeGoBaHus K 0OTUETY
4.1. Homep paboTbl
4.2. Pacuet
4.3. Beibop u obocHoBanue bY( bypoBoii ycTaHOBKH)

S.TexHoJiorusi padorTsbl
[Ipu pazOypuBaHUM HOBOTO HE(PTSIHOTO MM Ta30BOT0 MECTOPOXKACHHS OOBIIOE
3HAUYCHHUE MMEET MPABMIHBHOCTHh BHIOOpA THIA OYpPOBBIX YCTAHOBOK, KOTOPHIC IS
JJAHHOT'O paiioHa OKaXXyTCs HamOoJiee SKOHOMHYECKU BBITOAHBIMU. [Ipexae Bcero
B 3aBHUCUMOCTH OT pa3MepOB IUIOMIaAU, TIAyOUHBI 3ajeraHusi MPOIYKTUBHBIX
TOPU30HTOB, PACCTOSIHUNA OT MCTOYHUKOB DJIEKTPOCHAOKEHHS, TEPCIIEKTUBHOCTH
ONMM3NIekKaANUX CTPYKTYpP HAJI0 OICHHUTHh I€JIE€CO00Pa3HOCTh AIEKTPUPUKAINH
naHHoro paiiona. IlepBas 3amawa —  ompeneleHHE  BO3MOXKHOCTH U
[[EJIECO00PAa3HOCTH COOPYKEHMsI JIMHUW DIIEKTpomepenayd s NpUMEHEHUs
MEKTPUPUIIIPOBAHHBIX YCTAHOBOK; BTOpasi — BHIOOP KJIacca YCTAaHOBOK , KOTOPBIE
MO3BOJIAT OYpPUTH OBICTPEE U JEIICBIIE.
Hcxoanbie naHHbIE TpU BbIOOpe HauOojiee palMOHAIBHOTO Kjacca OypoBoM
YCTaHOBKHU- TTPOCKTHAs TIIyOMHa OypeHUsI 1 KOHCTPYKIUS CKBaXuHBI. Kpome Toro,
JUISL  OMpENeNICHUusT Ccrmocoda TPaHCTIOPTHPOBKHU U MOHTaXa HEOOXOIUMO
YYHUTBIBATh pelibe) MECTHOCTH, TPYHTOBBIC YCJIOBHS, OXHIAEMYI CKOPOCTbH
OypeHusl.
3ananue : BeiOpaTh ki1acc OypoBOil YCTAaHOBKH JJIsl ONIPEACIICHHBIX YCIOBUM.

Hcxonnbie naHHbIC 7151 BEIOOpa BY

Ne | I'myOuna KoHcTpyKIusl CKBaKUHBI I'myOuna cnycka OK
CKBXHMH | KOHIYKTOp | [IpoMexyT. Okcrmyata | Konnykrop | IIpomexy
bl, M KOJIOHHA 1. M T.
Kononna Komonna,




@,M Bec @,M Bec @,M Bec M
M IM. |M ImaLH\ | M Im.aox
10, M H\M
H/™m
1 | 2500 340 | 100 | 245 |590 146 | 320 | 450 1200
0
2 | 2550 245 | 750 146 |320 | 875
3 | 2600 340 | 100 | 245 |590 146 |320 |500 1250
0
4 | 2650 245 | 750 146 | 320 | 900
5 12700 340 | 100 | 245 |590 146 | 320 |550 1300
0
6 | 2750 245 | 750 146 | 320 |845
7 | 2800 340 | 100 | 245 |590 146 |320 |555 1350
0
8 |2850 245 | 750 146 |320 | 789
9 12900 340 | 100 | 245 |590 146 | 320 | 456 1400
0
1 | 3050 245 | 750 146 | 320 | 765
0
1 |3100 340 | 100 | 245 |590 146 |320 |400 1500
1 0
1 | 3150 245 | 750 146 |320 |880
2

JlonmonHuTeNbHBIE  JlaHHBIE  JUIsS  Bcex  BapuaHToB  InmyOuHa — cmycka
AKCIUTyaTaIllMOHHOW KOJIOHHBI paBHA TTyOWHE CKBaKWHBI. bypuiibHblie TpyObI 127
MM, ToimuHa cteHku BT 6 =9 MM, Bec 0gHOTO MOTOHHOTO MeTpa TYObI g 6, -279
H/m; YBT muamerpom 178mm , Bcero YBT 200 M,
J yor =1450H\m.
IIpumep: Bribpats kiacc OypoBOM yCTaHOBKU JIJIsi OypeHUsI CKBOXKHHBI TITyOUHOMN
L = 3000m. KoHCTpyKIMsSI CKBaXHMHBI: KOHIYKTOp auamerpoMm 340MM mpu
ToimuHe cTeHku 1 1mm, Bec 1m. koHaykTopa 1000H\M, mpomexyTouHast KOJOHHA
nuaMmeTpoM 245, TonmuHa cTeHku 9,5 mm, Bec Im = 590H/m. DxcmmyaTannoHHast
KOJIOHHA qramerpoM 146 MM, Beclm = 320 H/m. riryOuHa criycka kKoHaykTopa |k =
400Mm, Im = 2200Mm, sKcITyaTallMoOHHON KOJOHHHEI 13 = 3000M.
Jlnst OypeHust CKBaXKUH JI0 MPOEKTHOM ITyOMHBI PUMEHSAIOTCS OypHIIbHBIE TPYObI
127 mm, TonmuHa cteHku bT 6 =9 MM, BeC 0JJHOTO MOTOHHOTO METpa TYOHI g g;
-279 H/m; YBT muamerpom 178mm , Bcero YBT 200 M, g y5r =1450H\M.
Pemenne:
[Ipu 3TUX yCIOBUSIX BEC KOHIYKTOPa

Gk = lk*gk = 400*1000= 0,4 MH
Bec npoMeKyTOYHON KOJIOHHBI

Gn = lm*gn = 2200%590= 1,3 MH
Bec skcnumyaTaiinOHHON KOJIOHHBI




Go = I»*gs> =3000*320= 0,96 MH
Bec 6ypunbHbIX TpYO
Gor = loT*goTt = 2800*%276= 0,77MH
Bec yrsxenennsix OypuiibHbIX Tpyo( YBT)

Gyot = lyor*gyor = 200*1450= 0,29MH
Bec 6ypunbsHoit KoJloHHBI ¢ YBT

Gox = Gor+ Gyor = 0,77+0,29 = 1,06 MH

Takum o00pa3oMm, HauOOMNBIIYI0O HArpy3ky OYIET HCHBITHIBATH YCTAaHOBKA IPHU
CIyCKE MPOMEXYTOYHOW KOJIOHHBI, @ BeC OypMJIbHOM KOJOHHBI cocTaBuT 1,06
HM. Jlna s1oil rayOuMHBI OpU POTOPHOM OypEeHHMH pa3pblBHAS MPOYHOCTH
OypHWJIBHBIX TPYO JOJKHA OBITH HE MEHEE

Ror= k, Gok =1,5* 1,06 = 1,59MH
K,_xo3ddurment 3amaca = 1,5
st OypuiibHBIX TpyO paspbiBHas mpoyHocTh 1,56 MH. DTtum TpeGoBaHusAM 10
JIOMTYCTUMOM Harpy3ke Ha KpIOKE YIOBJIETBOpSET OypoBas yCTaHOBKA IMSATOrO
kiacca no 'OCT 16293-82 ¢ nomyctumoi Harpy3koi Ha kproke 2 MH uium 200T.
B cootBerctBun ¢ 'OCTom Harpy3ka oT Beca OypuiIbHON KOJIOHHBI JOITYCKaeTCsI
He Oosnee 0,6 pa3peiBHOM npoyHOCTH, T.€. 0.6 * 2 = 1.2 HM. Tak B HamieMm cirydae
Gok = 1,06 MH, To BrIOpaHHasi yCTaHOBKA YIOBIETBOPSET 3TUM TPEOOBAHHSIM.

IIpakTnyeckas padora Ne 2
2 4Jaca
Br100p 1 000cHOBaHHE KOHCTPYKIHUH CKBAKUHBI

1.Hesn padoThI
[TproOperenne MpakTUIECKUX HABBIKOB BHIOOpA KOHCTPYKIIUU
AKCIUTYaTaIllMOHHOTO 32005
2.00ecnneunBamone cpeacTaa

2.1.Metoauueckue yka3aHus

2.2 . KanpKyasTopsl

2.3.Marepuaiibl MECTOPOXKICHUI

3. 3axanue
3.1.13yuntsb TeKCT K paboTe
3.2.0npenenuTh 0COOEHHOCTH I€0JIOTMUECKOT0 CTPOSHUS pa3pe3a Mo JaHHBIM
TOPHO — I'€0JIOTUYECKUX YCIOBUN OypeHus ( MaTepuaibl MECTOPOKICHUMN IS
Ka)XJIOTO CTYJICHTA).
3.3. OnpenenuTs yCTOMYMBOCTH NOPOJI MTPU3a00IHOM 30HBI.
4. TpeGoBaHus K 0TUETY

4.1. Homep paboThl

4.2. JlaHHBIC TI0 MECTOPOXKICHUIO ( TOPHO — T€OJIOTUUYECKHE YCIOBUS OypeHUs)

4.3. OcoOEHHOCTH T€OTOTUYECKOTO CTPOCHUS pa3pesa 1Mo JaHHBIM TOPHO —

re0JIOTHYECKHUX YCIOBHM OypeHus



4.4. Pacuer yCTOMYMBOCTH KOJUIEKTOpA Mo popmyre 1.
4.5. Beibop 3KCcIUTyaTallMOHHOTO 32005 .

5. TexHosiorusi padoTbl

5.1. TekcT x pabote

KoHcTpykiusi CKBaXXMH oOmpenensieT pa3Mepbl 00CaaHBIX KOJIOHH, HX
KOJIMYECTBO, JAUAMETP CTBOJA TMOJ KAXKIYIH KOJIOHHY, BBICOTHI MOIBEMA
LEMEHTHOTO pacTBOpa 3a KOJOHHaMH. KOHCTpykuMs JOJDKHA OOecredynBaTh
CTPOUTEIBCTBO CKBAXHHBI JI0 TMPOEKTHONW OTMETKH, HAJEKHOE pa300IICHHE
MJIACTOB, MIPOYHOCTh U JIOJTOBEYHOCTh CKBAKHMHBI KaK COOPYKEHUS, MPOEKTHBIX
PEKUMOB JKCIUTyaTallid, AKOJIOTHYECKYI0 O€30TacHOCTh MPU COOPYKCHUH U
skcruryatanuu. [lo KOHCTPYKIMEW SKCIUTyaTallMOHHOTO 3a00si MOHUMAETCs
KOHCTPYKIIMSI HH3a HSKCIUTyaTallUOHHOW KOJIOHHBI B pailoHE MNPOTyKTUBHOTO
miacta. Kaxknas KoHCTpykuus 32005  XapakTepu3yeTcsl — OIpe/esICeHHBIMU
napamMeTpaMu, KOTOpble 00YCIaBIUBAIOT PEKUM DKCIUTyaTallUU 3aJIEKU ¢ YIETOM
(bU3UKO-MEXaHUUECKOU XapaKTEPUCTUKHU MOPOJ] KOJUIEKTOpa, UX (DUIbTPAIMOHHBIX
CBOMCTB M T'€0JIOTO-TEXHHUYECKUX YCIOBUM 3aJIeraHusl MpOAyKTUBHOTO Tuiacta. K
rJIaBHBIM (haKTOpam, OMNPEIEISIONIMM HE TOJBKO KOHCTPYKIHIO 32005, HO U €&
KOHKPETHBII BHJI, OTHOCATCS: THUIl KOJUIEKTOpPA M CTENEHb €r0 OJHOPOJHOCTH,
CTENEHb YCTOMYHMBOCTH MOPOJ MpU3a00WHON 30HBI, HAIMYHUE WIM OTCYTCTBHE
OJIN3KO PACHOJIOKEHHBIX K MPOAYKTUBHOMY OOBEKTY HAMOPHBIX TOPHU30HTOB,
MOJOIIBEHHBIX BOJ WM Tra30BOM IIANKH; MPOHUIIAEMOCTh MOPOJ MPOAYKTHBHOTO
miacta, a Takke MPOEKTHOro cmnocoda skcruryatauuu. Ilpum paspabotke
KOHCTPYKIIMM CKBOXXHHBI HEOOXOAMMO TMPHUHATH BO BHUMAHHUE CIEAYIOIIUE
0COOEHHOCTH I€0JIOTHYECKOTO CTPOCHHUS pa3pesa:
1.1. Hannume ra3oHachIIEHHBIX IUIACTOB B Pa3pese;
1.2. Hanuune aHoMaIbHO BBICOKHX ILIACTOBBIX JIABICHUIA;
1.3. Hanuuue MHOTOJIETHEMEP3IIbIE OPObI;
1.4. UnTepBan oceineld 1 00BaJIOB CTEHOK CKBAKHUHHBI ;
1.5.KpoBiist npoayKTUBHOTO TOPU30HTA
1.6. IlpoekTHast riyOMHA CKBaKUHBI 110 BEPTUKAIIH .
5.2.0npenenuTh 0COOEHHOCTH Ie0JIOTMYECKOT0 CTPOSHUS pa3pe3a Mo JaHHBIM
TOPHO — T€OJIOTUYECKUX YCIOBUN OypeHus.

IIpumep : ®egopoBckoe MecTopo:kaeHne TroMeHCKOH 00J1aCcTH.

1. 'a30HACHIIIEHHBIX MJIACTOB B pa3pe3€ HET;
2. AHOMAJIbHO BBICOKHX IIJIACTOBBIX JIABJICHUM HET;
3. MHoroJieTHEMEP3JIbIE TOPOIbI OTCYTCTBYIOT;
4. InTeHCUBHBIE OCHIITA U 00BAJIBI CTEHOK CKBAKUHBI POUCXOSIT B UHTEPBAJIC
0-690 meTpoB;
5.Kposis npoaykruBaOoro ropusonta Ki(bCig 1g) - 2570 m;
6. [IpoexTHas riryOrMHA CKBa)KMHBI [0 BEPTUKAIH - 2644 M.
5.3. OnpenesneHue ycTON4YUBOCTH MOPO NPU3a00HHOM 30HbI

T = 2 ﬁ-(lO_GyrH-H—Prm)+(>rm—P3 W



rae [J kosddunuent Iyaccona;
[Jrn YAETBHBINA BEC TOPHOU MOPOJIBI, H/M3;
H — paccTosiHue oT ycThsi 40 KPOBJIM NPOAYKTUBHOTO IIJIACTA, M;
P, — mmacroBoe nasinenue, MIla. Py, = APy pon H; AP s = (AP1"A Hi + AP2A
H2+ AP3A H3 + AP4A H4)/ H;

APj — TpaIueHT IJIaCTOBOIO JAaBJICHU Ha | — ol Tiyoune, MIla/m;
A Hj — pa3HocTh rinyOuH, M;
P, — naBnmenue croyiba TIacToBOM JKHIKOCTH Ha 3400 CKBaKHHBI TIPH
skcrutyataruu, MIa. P, = (H - hyopy ) pu-0, Niopw = 2/3H.
[Jex — IpEIesT IPOYHOCTH F'OPHBIX ITOPOJ ITPU OTHOOCHOM ckatnn, Mlla.
IIpuMmep pacuera @enopoBckoe MecTopoxaeHre TIOMEeHCKo# 00/1acTH
Jlist mecuanuka (1= 0,30, [, = 30,0 MIla (MaTepuambl MECTOPOKICHUT)
P =2644-0,0098 = 25,91 MlIla.
P, = (2644 — 2/3-2644)-831-9,8 = 7,18 MI]a.
Gpacq.=2-((0,30/1-0,30)-(10'6-22000-2570- 25,91)+(25,91 -7,18))= 63,71 MIla;

O =30,0 MIla < 6,0y =63,71 Mlla, cnenoBaTenbHO, KOJUIEKTOP

HEYCTOWYUBBIU.

PacuétHoe 3HaueHHE YCTOWYMBOCTH KOJUIEKTOpA B JBAa pa3a IPEBHIIACT
npezena MPOYHOCTH TMECUYaHMKA, YTO COOTBETCTBEHHO BIIMAET HAa KOHCTPYKIIHIO
HKCILTYyaTallMOHHOTO 3a004. VIcX0/s U3 TaHHBIX IO BO3MOKHBIM OCJIOXKHEHUSM, 110
F€0JIOTMYECKOMY CTPOEHHUIO CKBAXMHBI MOHO CJENaTh CJIACAYIOIINN BBIBOA:
KOJUIEKTOP HEMPOYHBIN, HEOTHOPOIHBIN.

[IpuHATHIN coco0® AKCIUTyaTali NPOAYKTHUBHBIX IJIACTOB — pa3/eibHbIN.
CrnenoBaTenbHO, 3KCIUTyaTallMOHHBIN 320011 OyeT 3aKPBITHIN.

IIpakTnyeckas padora Ne 3
2 4aca
N3YUYEHUE OBPA3IOB INIOPOAOPA3SPYIIAIOIIEI'O
NHCTPYMEHTA
1.Heqab padoThI
[TpunoOpeTeHne NpakTUIECKUX HABBIKOB omnpeaenenus tuma [TP1
2.00ecnneunBamoue cpeacTaa
2.1. I[TPU ( monota) pa3IMYHbIX TUIOB.
3. 3aganue
3.1.Byuuts 00pa3ipl 10JI0T, ONPEACIUTH UX THII.
3.2 3anoyHUTh TaOIHUILY .
4. TpeGoBaHus K OTYETY

4.1. Homep paboTbl
4.2.Tabnmuna
5.TexHoJiorusi padoTbl
5.1. BEINOJHAUTE 3a7aHu€e B COOTBETCTBUH C 3aJaHUEM.
DTanbl BLITIOJIHEHUS |
1.I'pynny pazaenuts Ha 4 noarpynmnsl. Kaxknas noarpymnna u3y4aer
npeioxkeHHbie Tumnsl [TPU.



2. 3anoyiHeHHEe TabIHLBl 0 KaxaoMy tuny [1PU

Twuno I11PU

Oo0nacrtp
TIPUMEHEHUS

JlocTonHcTBa

Henocratku

[[Tapomieunsie
JI0JIOTA

JlomacTHBIE
J10JI0TA

Homora UCM nnu
BUT

byprosioBku

3. BeiOpaTh THIl [0JI0TA MPH CIEAYIOLIUX YCIOBUSX IO BapUaHTaM.

c/ieNiaTh MPEe3eHTalNI0( peKiiaMy) 3TOro TUIIA JA0JI0Ta.

Bapwu | Crpar. Koi-Bo Bpewms NurtepBan

aHT | mojpasze J0JI0T OypeHus OypeHus
JeHue 1 2 |1 2 1 2
( cBuTa)

1 [Toxypcka | 8 18 | 110 100 | 550 | 400
s

2 Tromenck |10 |20 |95 90 |450 |324
ast

3 [Toxypcka |12 |22 | 115 105 | 560 | 390
s

4 Tromenck |14 |24 | 100 95 |460 |314
ast

5 [Toxypcka | 6 16 | 120 110 | 570 | 380
s

JlonmoJIHUTEIbHbIE JaHHbIE
Ilena nonora( C, ): 190 000 py6seit
[Mpogomxurensaocth CIIO ( tepo +tpen): 7 4acoB

CroumocTs 1 yaca pa6otsl 6ypoBoii ( CB) : 29000 py6/4
IIpumep : Pe3ynpraTel OypeHUs OAHOTO M3 CTpaTHUTrpapUUIEcKUX MoApa3aeacHUuN

CJIeIyIoLe

( cyMMapHbI€ 110 BCEM CKBaKMHaM):
1. OOmiee YuCII0 U3PaCXOJOBAHHBIX H0J0T 1 — Trma ( Ny = 12), 2 — Tama ( N,=

22)

Hyx#no

2. IIpobypeno nonmoramu 1 tumna (H ;=314 m), 2 — tuna (H ,= 300m)
3. Oobmee Bpems Oypenust qosnora 1 tuna ( T;=116,65 4), 2 tuna ( T,=93,75

q).

OTH cyMMapHbI€ TTOKA3aTEIU B3SThI MOCTIE MPOBEPKUA COBOKYITHOCTH MPOXOJOK Ha
Hanaue Je(HEeKTHBIX JAaHHBIX U UCKITIOYCHUS UX.
Pemenue. OnpeaesisiemM cpeHue MOKA3aTeJU HA OJJHO J10J10TO.

1. IIpoxoaka Ha 10JI0TO:
1—-rotmuna h;=Hi/n;=314/12=26,2 m;




2-rotuma hy=H,/n,=300/22 =13,64 m;
2. CTOMKOCTD 10JI0Ta:
1-roruna t;=(Ty/Hy)*h;=(116.65/314) *26,2=9,73 u
2 —rotuna b= (To/Hy)*h, =(93,75/300) * 13,64 =4,26 4
3. MexaHH4ecKasi CKOPOCTh OypeHHusl 10JJ0TOM
1—-romuna Vwmex 1= H{/T;=314/116,65= 2,69 M/a
2 —-rotuna Vwmex ,= H,y/T,=300/93,75= 3,2 M/4

B cBs3u ¢ Tem, yto hy> hy 1> t, a VMex ; < Vmex ,, ompenenseMm
AKCIUTyaTallMOHHBIE 3aTpaThl HA 1 M NMPOXOAKU B PACCMATPUBAEMBIX YCIOBHUSX.
JlonoaHUTENbHBIC JaHHBIC : [ICHA J0J0T 1 — o TMIa W 2 —To TUNa OJWHAKOBa U
coctaBisier Ca = 190 py0. IIpomomkurensHocts CIIO mnig naHHOrO MHTEpBala
IyOWH, OTHECEHHAs K pelcy M0J0Ta C YYeTOM BCIIOMOTAaTENIbHBIX OIepalui
coctasisiet t co + t Benm coctapseT 7 yacoB. CtouMocTh 1 "aca paboThl 6ypoBoit
YCTAHOBKHM 10 3aTpaTaM, 3aBUCSIIHNX OT BpeMeHHU e€ padoThl, cocTtaisier CB = 29
py6/u
4. BeJM4HHA IKCIIYaTAIIMOHHBIX 3aTpaT HA 1 MeTp NMPOXOJAKH 10JI0TOM

C = [Cs (t+tcno*teer) +Ca] / h, (1)
I'me CB — croumocth 1 4 paboThl OypOBOMl YCTaHOBKH IO 3aTpaTam,
3aBUCSUIMM OT BpeMEHH; t — CTOMKOCTb AOJOT; tcro - MPOAOIHKUTENBHOCTh
CIIO, tgcnp — MNPOAOJBKUTENBHOCTH BCIOMOTraTenbHbIX pabor; Cn —
CTOMMOCTH J10JI0Ta; h — MpoxoKa Ha A0I0TO.

[Toacrasnsiem nannbie B popmyny( 1) u nomyyaem

st oot 1 —ro tuna Cy= 29*(9,73+7)+190/26,2 = 25,77 py6.

Uit oot 2 —ro tuna Co=29*(4,26+7)+190/13,64 = 37,87 pyO.

BBIBO/I: Tak kak C; < C, ( 25,77< 37,87), T0 nns pa30ypwBaHUs JaHHOTO

cTpaturpaduyecKoro noapasieseHus: IpuHUMaeM ojoTta 1 — ro Tura.

IIpakTnueckasi padora Ne 4
2 4aca
ONNPEJAEJIEHUE U3HOCA ITOPOJJOPA3SPYIIAIOHUIETI'O
NHCTPYMEHTA

1.Hesnb padoThI

[IprnobpeTeHue MpakTUUYECKUX HABBIKOB ompeesienus nzHnoca [1IPU
2.00ecnneunBamomne cpeacTraa
2.1. ITPU ( monota) pa3iauvHbIX TUIIOB.
2.2. U3mepuTenbHbie HHCTPYMEHTHI ( KOJIBIIEBOM MIA0JIOH, JIMHEHUKA).
2.3. KogupoBka n3Hoca J10J10T.
3. 3axanue

3.1.13yunts 00pasiibl 1070T, OMPEASTUTh UX THIL.
3.2. 3ByunuTh KOAUPOBKY U3HOCA JIOIOT
3.3. IIpoBepuTh NPUTOTHOCTH JIOJIOT K padoTe.



4. TpeOoBaHHUS K 0TYETY

4.1. Homep paboThI
4.2. XapakTepucTuka 00pa3iioB OypOBbIX J10JIOT
4.3. OnpenenuTh KOAUPOBKY U3HOCA U MPUTOTHOCTH OYPOBBIX JI0JIOT K OYpEHHUIO

5. TexHosiorusi padoTnbl
5.1. BeINOMHUTH 3a/laH€ B COOTBETCTBUU C 3aJJaHUEM.
5.2. OTBETUTH HA KOHTPOJBHBIE BOMPOCHL ( YCTHO).

6. KonTpo/ibHbIe BONIPOCHI

6.1. Kak xmaccuuiupyrorcst 10710Ta Ha3HAYCHUTO
6.2. Buabl onop mapoIiex J0J10Ta
6.3. Jlaiite pactmdposky nosota 11 215,9 CTHY
6.4. [1o kakuM OCHOBHBIM MapaMeTpam OMPEIEIICTCS U3HOC MIAPOIIEUHOTO
JI0JIOTA.

7. YKka3aHus M0 U3HOCY
7.1 OueHka u3HoCca 10JI0T
OueHka U3HOCa 10J0Ta MPOU3BOAUTHCA MOCIIE KaXKI0r0 MOIbeMa HA
MOBEPXHOCTH. [Tpu 3TOM npenBapuTenbHas OLEHKa TPOU3BOIUTHCS JO OTBOPOTA
JI0JIOTa, OKOHYATEIbHAS — IMOCII€ OTBOPOTA JI0JI0TA U €70 OUYUCTKHU.
[{enssMu OLICHKH U3HOCA JOJIOT SIBJISIFOTCS:
* OMpe/IeNIeHrEe MPUTOAHOCTH J10J0Ta JIJIs1 JadIbHEUIIIET0 MPUMEHEHHUS
* OIpeIeJIEHnEe MPUTOAHOCTH JI0JIOTA K PECTABPALIMH
* BEIOOp 00BEKTa, HA KOTOPOM KOHKPETHOE JI0JI0TO MOXKET OBIThH
HMCIOJIL30BAHO B JaJbHEUIIIEM
* AaHAJIN3 JUHAMUKUA U3HOCA MHCTPYMEHTA C LI€JIbI0 ONTUMU3AIUN
KOHCTPYKITUH JOJIOT
7.2 Ouenka u3Hoca 100t ¢ pukcupoBannbiMu pe3uamu (PDC) no IADC
Henbro cucremsl IADC 1 onieHKH OTpaOOTaHHBIX JIOJIOT €
dbukcupoBanHbIMU pe3iiamu - PDC — siBrisieTcs cTranaapTU3aiys OMucaHus
OTpaOOTAHHBIX JIOJIOT JJIS 3aIUCH UX (PU3UYECKOTO COCTOSIHUS, U IS
UCITIOJIb30BAHUS ATUX JTAHHBIX B pa3pa0O0TKE HOBBIX, YIAYUIIEHHBIX KOHCTPYKITUSIX
JIOJIOT | JIJISl ONITUMU3AIIUY TTPaBUII UX OTPAOOTKHU.
N3HOC (puKkcupOBaHHBIX PE3IIOB U3MEPSAETCS MOMEPEK aIMa3HOTO CTOJIA,
HEe3aBUCUMO OT (DOPMBI, pazMepa 1 BbicTymnanus pesia. OH uzmMepsiercs no 8-
oanbHOM mikase ot 0 go 8. Cuctema OleHKH MOoIpa3yMeBaeT, YTO U3HOC
YBEIMYMUBAETCS ¢ yBennueHueM nudp - 0 HeT u3Hoca — 8 mOJIHBIN U3HOC.
Hanpumep, onenka 4 roBOpuT HaM, 4TO pe3en u3HoueH Ha 50%.
Pe31ibl Mo MOBEPXHOCTH JI0JI0TA JICTSATCS HAa 2 TPYIIbI — «BHYTpEeHHUE» 2/3
paauyca 10J10Ta U «HapyKHbIe» - BHelIHue 1/3 paguyca nonora.
O1neHKa COCTOSTHUSA PEXKYIIEH CTPYKTYPhI J0JIOTA TPOU3BOIUTCS MO 4
MOATPYIIITaM—
* Bayrpennwue psias - (1)
 Hapy>xHbie psizpl - (2)
* XapakTep H3HOCA PeKYIIEH CTPYKTYphI — (3)
» MecTornos10KeHne 0OCHOBHOTO M3HOCca - (4)



Buyrtpennux psaasl (I-inner)

MeTtoauka OLIEHKHA U3HOCA €AUHUYHBIX PEXKYIINX 3JIEMEHTOB OJIMHAKOB Kak

st gosiot PDC, Tak u i1 1010T, apMUPOBAHHBIX HATYPAJIbHBIMU anmaszamu. Jis
MOJIYYeHHS CPEJIHETO U3HOCA PE3IIOB [0 BHYTPEHHUM psiJiaM UPHI, MOTyYECHHBIE
OT 3aM€pa MHJIUBUAYAJIBHOTO U3HOCa N pe3l0B, pACTIOJIOKEHHBIX B 3TOM 30HE,
CYMMUPYIOTCS 1 pE€3YJIbTAT JACIUTCS HA KOJTUYECTBO PE3LIOB —

Hapy:xubie psaabl (O-outer)

AHaJIOTUYHBIE OTIEPALIMK TIPOBOJSTCS AJIsl pE310B, PACIIOJIOKEHHBIX B 30HE
HapyXKHBIX psgoB. O0a pe3ynbrara 3aHocsTCs B Tpadbl «1 1 2)» TabIUIIBI OIEHKU
M3HOCA J10JI0T.

3amMeuanme: IS SKCHEHTPUYHBIX JOJOT BCS MUJIOTHASI CEKLIUSI OTHOCUTCS K
«BHYTpEHHUM psifam». CTeneHb u3HOCa Pe3L0B JJIsl ITUX J0JOT OLICHUBAETCS KaK
JU1s HopMaibHbIX 10710T PDC.

Crenenp n3HOCa pe3LOB

pacnpeae/ieHle BHyTPeHHeH M HAPYKHOM 30H Ha goJiotax PDC

Kon Onucanue Kon Onucanue

BF Pa3pymenue cnos naiiku anmaszoB DL Paccioenne pe3nos

LN Iloreps nacanku RR B paGodem cocrosinuu

BT Cnomannsie 3yoku /Pesist ER Oposus

LT IHoteps pe3uoB WO Pa3mbiB kopmyca

BU 3anutamoBanue nonora HC Ileperpes Tr/criaBa

NR He nognexut ganpHelmei pabore WT N3HOC pe3iioB

CR Kepnoanue JD PaboTa no meramry

PN 3a0oiika HacajoK WK MpoMbIBOYHBIX KaHasoB NO Het uzHoca

CT Hpob6nenue/ckonsl pe3ioB LM Ilotepst yacTu MaTpuuHOIro Kopiryca

RO KompneBoit n3Hoc

MecTomnoJio:keHue (001acTh H3HOCA)

BykBeHHBIN 1y 1udpoBOI KO UCIIONB3YIOTCS, YTOOBI YKa3aTh

MECTOIOJIOKEHUE Ha PEXKYILEH MOBEPXHOCTHU J0JIOTA, T/I€ OTMEYEH OCHOBHOM
W3HOC, 3aMiCcaHHbIi B Tpade «3». D10 MOTYT ObITh - C- BHyTpEeHHHI KOHYC; N-
Hoc; T-HapyxHbIN KOHYC; S-Tuteuo; G-kanuOpyroiue; A-Bcsi MTOBEPXHOCTh; M-
cpennue psaasl 1 H-oOpaTHbIil KOHYC.

Ouenka cocToAHNSA KAJUOPYOIIUX BEHIOB U NOTEPH

auamerpa noJsora (G-gauge — rpada «6»)

[lecTas rpada ucnoab3yeTcs AJis 3alUCH COCTOSHUS KATUOPYIOLIUX CUCTEM
JI0JIOTa /KacarolMXCcs CTEHOK CKBAXXMHBI/ M BEJIMYMHBI MOTEPU AHAMETpa J0JI0Ta
ocJye

otpabotku. Jns gonor PDC, uMnperHupoBaHHbIX U aJIMa3HbIX OH 3aMepseTcs C
MOMOILbI0 HOMUHAJIbHBIX /110 cTanaapty AP/ kanubpoBounsix koneu. Kog "I"
(momyckaeTcs ucronb30BaTh «IN» It TOTO, 4TO OBI HE CITYyTATh C CAWHULICH)
MOKA3bIBAET, YTO JOJOTO COXPAHWIO HOMUHaNbHbIM auametrp. [lorepu auamerpa
JIOJIOT

usMepsrotTcs B 1/16” mrovima. Eciiu monoto motepsiio B quamerpe 1/16 mroiima,
Brmmute mudpy “1.”, ecnm moteps 1/8” (2/16”) mwoiima — 1mudpy “2.” u T.1.
Oxpyraute



nudpy u3HOCa TuameTpa 10 onvxaitmeit 1/16. qoiima. M3mepenus mpoBOAsSTCS 1O
KAJIMOPYIOIIUM psifiaM, OJTMKANIIINM K HApYKHOMY JuaMeTpy noJiota. [lpu
KOJIMPOBAaHUM H3HOCa sl BHyTpeHHer otyeTHocTn OO0 HIIIT «bypuntex»
noryckaeTcs B rpade «6» yka3blBaTh H3HOC B MIJLTUMETpax, ¢ marom 0,25 MM ¢
00s13aTeIbHBIM 0003HAYEHUEM «MM» TI0clie TU(PPOBOTO 0003HAYECHUS.
Ta6auna coorBeTcTBHS 0003HAYEHNI U3HOCY B MIJLIUMETPax
00J1u 3HA4eHue
I (IN) 0/16 0,000 O
11/16 0,063 1,59
2 2/16 0,125 3,18
33/16 0,188 4,76
4 4/16 0,250 6,35
55/16 0,313 7,94
6 6/16 0,375 9,53
77/16 0,438 11,11
8 8/16 0,500 12,70
99/16 0,563 14,29
10 10/16 0,625 15,88
1111/16 0,688 17,46
12 12/16 0,750 19,05
13 13/16 0,813 20,64
14 14/16 0,875 22,23
15 15/16 0,938 23,81
16 16/16 1,000 25,40
H3noc 6 owiimax Obo3nauenue U3znoc 6 muniumempax
IIpuMepsbI U3HOCA 10J10T
RO — koavuesout uznoc
WO - pazmuié kopnyca
BT — ciom pesua
ER — 9po3usa
ER — 9po3ua kopnyca
RR - He noonescum oanvneitweit pabome
WT — uznoc pesuoe
LT — nomeps pe3yoes
CR — kepnenue oonoma
IIpakTnueckas padora Ne 5
2 4aca
N3YYEHUE KOHCTPYKIIUU KOHIEBBIX YACTEM BYPUJIBHBIX
TPYb

1.esan padoThI
[TpuoOpeTeHne NpakTHIECKUX HABBIKOB 111 BhIOOpa BK mpu pasnuyHbIX ycrnoBUsX
U 3a7a4ax OypeHus
2.00ecnneunBamoIne cpeacTaa
2.1.Mertonnueckue yKazaHus



2.2. OTpe3ku KOHLEBBIX YacTel OypHIIbHBIX TPYO pa3IUYHBIX KOHCTPYKIUN
2.3. Komnerotepnas nporpamma «Beidop BK»
3. 3aganue
3.1.M3yuuts Ttunsl bK,
3.2. Tlo oTtpe3kam TpyO ompeneianuTh K KaKol 4yacTu TpyObl OTHOCSTCS ( KOHIIEBas
4acTh WJIU TEJIO TPYOBI)
4. TpeOoBaHus K OTUETY

4.1. Homep paboTbl
4.2. Koncniekt ocHoBHBIE T BK 1 KOHIIEBBIE cCoeTuHEHUS TPYO
4.3.Pe3ynbrat onpeeneHus o oopasiam

S.TexHoJiorusi padorTsbl
5.1. U3yuuts ocHOBHbIE THIIBI BK cenate KOHCIEKT B TeTpaau
5.2. I3y4nTh KOHILIEBBIE COCAUHEHUS, IEPEUNCIUTD B TETPAIN UX BUBIL.
5.3. I'pynny pa3nenuts Ha 4 noarpymnisl. ( pabota mo odpasuam)

IIpakTnuyeckast padora Ne 6
2 4aca
PACYET BYPUJIBHOM KOJIOHHBI HA TIPOYHOCTH
1.Hesn padoThI
[TpnoOpeTeHne NpakTUYECKUX HABBIKOB AJI pacueTa OypHJIbHOM KOJOHHBI Ha
MPOYHOCTh NPU TYpOMHHOM OypeHUU
2.00ecneynBamoye cpeacraa
2.1. Kanbkynsitop
2.2.MeToauuecKue yKka3aHus
3.JIuteparypa
3.1.Bagenkuii «bypeHre HEPTSIHBIX U Ta30BBIX CKBAKHH
4.1 M3yuuts oO1me pexkomeHaamnuu mno pacuery YbT
4.2. N3yunTh o01IMe peKOMEHIAINH 110 pacueTy OypHIIbHBIX KOJIOHH IIPU OYpEeHHUH
3a00MHBIMU IBUTATEISIMU.
4.3. PaccunTaTh OYypUIIbHYIO KOJIOHHY NPU TYpOMHHOM OypeHUU
5. TpeGoBaHus K oT4eTy

5.1. Homep paboTsl
5.2. Tabnuna gaHHBIX
5.3.Pacuet no dhopmynam

6.TexnoJsiorusi padoTnbl
6.1. BEINOJHUTE 3a7aHU€e B COOTBETCTBUU C 3aJaHUEM.
6.2. OTBETUTH HAa KOHTPOJIbHBIE BOMPOCHL ( YCTHO).

7. KOHTpOJIbHBIE BONIPOCHI
7.1.TBIIB



7.2. Ha3nauenue Beayen TpyObl
7.3. Haznauenue YBT
7.4. Henocratku JIBT
8. Metoanuyeckne yKkazaHus 1Jisl BbINOJHEHHUs MPAKTHYECKOI padoThI

8.1 JlaHHBIE 1JI BBITOJHEHUS paOOTHI:
['myOuHa ckBaXXUHBI ,M ( 110 TOPHO — FE€OJIOTUYECKUM YCIOBHSAM OypeHus, 1o
npakTuyeckor padore Ne 2);
VYcnoBus OypeHus: HOpMaJbHBIE,
JuameTp OypHIIbHBIX TPYO : 140 mm; 127mm; 114mm.
ToniuHa CTEHKH TPYOHI : 8MM TMM 7 MM.
IlnoTHOCTS GypoBoro pactopa: 1.14 r/em®; 1,13 r/em®; 1.12 r/em’.
8.2. Paccunrarh momycTuMyto TIyOHHY CITyCKa OypHIIbHBIX TpYyO 1o ¢opmyne 20
cTp. 64.
8.3. [1o Tabnuue 24 ctp. 50 — 55 HaxoUM MpeAENbHYIO HArpy3Ky | JieauM Ha 1,3
— JIJI1 HOPMAJIbHBIX YCJIOBUH OypeHHUsI.
8.4. OnpenensieM IIMHY BTOPOH ceKiuu 1o dhopmyiie 24 ctp. 65.
8.5. Haxomum ooOmryto muHy KostoHHbI L = 1, + Iy lypr,
8.6. [To rimyOuHe CKBa)KWHBI BRIOUPAEM CKOJIBKO TPYO HEOOXOUMO TOCITYCTHUTh
JUTSL YCIIOBHUH OypeHwusl.

JlaGoparopHnas padora Ne 1
24aca
OIPEJEJEHUE OCHOBHbBIX NIOKA3ATEJIEM BYPOBBIX
PACTBOPOB Y PEOJIOTUYECKHNX CBOMCB BYPOBBIX PACTBOPOB
1.1]lenwv u cooeprcanue pabomol:
3HAaKOMCTBO C OCHOBHBIMU MapameTpaMu TJIMHUCTBIX PACTBOPOB, U3YUYEHUE
npubOpPOB M METOAMKUA ONPENETCHUST OCHOBHBIX TMapaMETPOB TIUHHUCTHIX
PacTBOPOB: MJIOTHOCTH, BOJOOT/IauH, TOJIIMHBI TJIMHUCTON KOPOUKH, COJIEpKaHUE
necka, CTaOMJIBHOCTH, YCJIOBHOW BSI3KOCTH, CTAaTUYECKOTO HAMPSHKEHUS CIBUTa,
KOJUIOMJTQJIBHOCTH U CYTOYHOTO OTCTOSI.
2. Memoouueckoe obecneuenue
Ilpuboper u mamepuanvi: TPUOOPHI ISl OMPEEICHUSI CBOWCTB TJIMHUCTHIX
pPacTBOPOB, INIMHUCTBIN pacTBOP.
3.11opsaodok evinonnenus padbomot

I. 3HaKOMCTBO B TEOPETHYECKOM YACTM C OCHOBHBIMH ITapaMETpaMH
OypOBBIX PacTBOPOB, C MPUOOPAMU M METOJMKON UX ONPEICIICHUS.

2. IIpoBeaenue paboThl (OMpeIesieHHe OCHOBHBIX MTapaMeTPOB PACTBOPA).

3. Hanucanue v nHAMBUAyalIbHAS 3a1IMTa OTYETA.

[To xaxxgomy mapameTpy JaTh ompeseseHue (MOHATHE MmapaMeTpa) 1 OTMETHUTD
€ro BIUSHUE HA Ka4eCTBO, JKOHOMHUYHOCTh U 0€3aBapUiHOCTH OYPOBBIX padoT.



3 3
1. Onpeoenenue RAIOMHOCIMU 2TUHUCTNO20 PACMBOPA - P, T/CM™, KT' / M

Cxema mnpubopa ABP-1(zapucosamv cxemamuuno). Ilopsmok padOTHI
(onucamv). Pe3ynbraTel U3MepeHuii (3anecmu 6 mabauyy):

[ImoTHOCTH
[InoTHOCTH
[TonpaBka pacTBopa,
[110THOCTB BOJBI, pacTtBopa, 3
3 IJIOTHOCTU ~ BOJIBI, 3 Pp, T/CM
Py, T/CM 3 Pp, T/CM
Ps, T/CM (c y4eTOM
(M3MEpPEHHOE)
MTOIIPaBKH )

3
2. Onpeodenenue eo0oomoauu enunucmozo pacmeopa - B, cm™/30 mum.

Cxema mpubopa BM-6 (3apucosamv cxemamuuno). Ilopsmox paOOTHI
(onucamev). Pe3ynbTaThl u3MepeHuit (3anecmu 6 mabauyy):

Tokazauus pubopa (cM°) depes: Bonootnau
3 MuUH 7,5 MUH 10 Mun a,
B, om’/30
MUH

3. Onpedenenue moawgunsl eiuHucmot kopouku - K, mm.

K= MM.
4. Onpedenenue npoyeHMHO20 COOEPHCAHUA NECKA U HeOUCNePSUPOBAHHBIX
yacmuy 6 pacmeope - 11,%
Cxema mnpubopa OM-2 (3apucosamev cxemamuuno). ITlopsimok padOTHI
(onucamv). Pe3ynbraTel u3MepeHuii (3anecmu 6 mabauyy):

[TokazaHnue mKanibl, CM Conepxanue necka L1, %

3
5. Onpeodenenue cmadbunvnocmu enunucmozo pacmeopa - C, r/cm”,

Cxema mpubopa HC-2 (3apucosamsv cxemamuuno). ITlopsaaok paOOTHI
(onucamv). Pe3ynbraTel U3MepeHuit (3anecmu 6 mabauyy).

[I;moTHOCTH pacTBOpa [TnotHocth pactBopa | CTaOUIBHOCTD

. 3 o 3
BEpXHEU YacCTU Py, I/CM HIDKHEH dYactu Py, | C=py- ps, T/CM
r/em®




JlabopaTtopnas paGora Ne 2
24aca
ONPEJEJIEHUE PEOJIOTHYECKNX CBOMCB BYPOBBIX
PACTBOPOB
1.1]lenw u cooeprcanue pabomol:
3HAKOMCTBO C OCHOBHBIMM IapaMeTpaMH T[JIIMHUCTBIX PacTBOPOB, M3yUCHHE
NpUOOPOB M METOJIMKK ONPEACIICHUST OCHOBHBIX MapaMEeTPOB TIMHHUCTHIX
PacTBOPOB: MJIOTHOCTH, BOJOOT/IauH, TOJIIMHBI TJIMHUCTON KOPOUKH, COJIEpKaHUE
necka, CTa0WIbHOCTH, YCJIOBHOM BSI3KOCTH, CTATUYECKOTO HAMPSIKEHUS CIIBUTA,
KOJUIOMJAIBbHOCTU U CYTOYHOTO OTCTOSI.
2. Memoouueckoe obecneuenue
Ilpubopsr u mamepuanvi: TPUOOPHI ISl OTPECTICHUS CBOWCTB TJIMHUCTHIX
PacTBOPOB, TNIMHUCTHIN pacTBOP.

3.1lopaook eévinonnenus padomul

1. 3HaKOMCTBO B TEOPETUYECKOW YaCTH C OCHOBHBIMHU TMapameTpaMu
OYpOBBIX PaCTBOPOB, C MPUOOPAMU U METOJMKON MX OMpEICICHUS.
2. IlpoBenenue paboTh (Ompe/eeHue OCHOBHBIX MTApaMETPOB pacTBOPA).
3. Hanucanue u MHANBUyalbHAs 3alIUTa OTYETA.
[To kaxxmoMmy mapameTpy JaTh omnpeseieHue (MOHATHE mapaMeTpa) U OTMETUTD
€ro BJIMSIHUE HA Ka4€CTBO, IKOHOMUYHOCTh U O€3aBapUHHOCTb OYpOBBIX PadOT.
6. OnpeoeneHue yCcl06HOU 8A3KOCMU 2TUHUCTO20 pacmeopa - T, C.

Cxema mpubopa BBP-1  (3apucosamsv cxemamuuno). Tlopsmok padOThI
(onucamv). Pe3ynbraThl U3MepeHul (3anecmu 6 mabauyy):

Boanoe uucno, Bsskocts pactBopa  [Bs3KOCTBh pacTBOpa
Ty, € [TonpaBka, ¢ |T, ¢ (u3mMepeHHas ) T, ¢ (c yderom
MOMPABKHU)

7. Onpeodenenue cmamuieckoeo Hanpsaxcenus coguea- Qq 1o, [1a
Cxema npubdopa CHC-2. (zapucosams cxemamuuno). Ilopsgok paboThI
(onucamev). Pe3ynbTaThl M3MepeHuit (3anecmu 6 mabauyy):

B K
et VYron 3akpyunBanus HutH f, rpax fi ’ Q
IIOKOS, [Ta/rpan I1a
f, f3 T
MUH
1
10




3akmouenue. [lo 3HaYeHUSM W3MEPEHHBIX MapaMeTPOB JAENIA€TCS BBIBOJ O
Ka4yeCTBE TIIMHUCTOTO PacTBOPA M YKA3bIBACTCs, B KAKUX YCJIOBUSAX OH MOXKET OBITh
3¢ PEeKTUBHO TPUMEHEH.

IIpakTnueckas padora Ne7
2 4aca
PACYHET HEOBXOAUMOI'O KOJJUYECTBA MATEPHAJIA JIJIA
MNPUTOTOBJIEHUA BYPOBOI'O PACTBOPA 3AJIAHHOU
IIJIOTHOCTHA
1. l]env pabomsi

HayuuTbCsi TOTOBUTH HWCXOJHBIM TJIMHUCTBIA PACTBOP C 3aJaHHBIMU
3HAYEHUSIMU TUIOTHOCTH M OCYILECTBJISATH PErYJIMPOBKY AAHHOIO IMOKAa3aTess 10
TpeOyeMOil BEJIMUMHBI ITyTEM pa30aBieHUs WK J0OaBIECHUS TUCIIEPCHOM (a3bl.

2. Teopemuueckas uacmo
1. Pacuem konuvecmsa 2mutbl u 8006l 015 npucomosnenus Iu® anunucmozo
pacmeopa 3a0aHHOU NIOMHOCHU.
Macca riauHbl M, 1 Macca BoJibl M, (B KT)

p.(p-py)
m, = ; (1)
po-po(l-n+npl07)

Mme=Veps ; (2)

O6bem riauns! 1 Bogst V. , V, (B M°)

m,(1-n+np,107)
Vo= : (3)
p.

V.=1-V, ; (4)

rae ., P, Ps - IUIOTHOCTH TJIMHBI, TIHHHCTOrO PacTBOpPa M BOIBI, KI/M°, N -
BJIQKHOCTH TJIMHBI B IOJISIX €AMHULIBI.
Ipumeuanue: st NPaKTUYECKUX PACUETOB MPUHUMAIOT
p-= 2600 - 2700 kr/m’;
n = 0.05 - 0.1 (cooTBETCTBEHHO MpPHU BIAKHOCTU INHHBI 5 - 10
%)

[Tpumep 1



Hano: p,= 2650 ke/m’; Haiimuy: m,,, m,,, V.,, V, = ?
n=0.075;
0= 1100 ke/n°.
Pewenue:
ITo popmyme (1, 2, 3, 4) BeIUKCIIAEM HEOOXOIUMYIO MacCcy U 00beM
IVIMHBI ¥ BOJBI TS IOJTY4EHMS TIMHACTOTO PacTBOpa IIOTHOCTHI0 1100 Kr/M’

2650.(1100-1000)

m,= = 173.6 ke.
2650 -1000.(1-0.075 + 0.075'2650-10'3)

173.6(1-0.075+ 0.075-2650-107) 3
V., = =0.074 n
2650

V,=1-0.074=0.926 M

m, = 0.926-1000 =926 e

2. Pacuem maccel enunvl unu ymsagceaumens (my, Ke), 000a8nsieMvlx K
UCXOOHOMY 2IUHUCMOMY pacmeopy  Olsl  YBelUuueHus: e20 HIOMHOCMU OO0
mpeoyemoul 8eIUdUHbL

Vp P (pmp - pu)
my, = ) ( J )
Po-Puy (I -nt+mnp,10-3)
TIE Oy Pmp - IIOTHOCTh UCXOJHOT'O MIMHUCTOTO PACTBOPA U TpeOdyeMas INIOTHOCTD,
Kr/M; V, - 00bEM UCXOHOTO MIMHUCTOTO PAaCTBODA, M,

[Ipumep 2
Hano: p.= 2650 ke/m’; Haumu: m,, = ?
Py = 1300 r2/nt*;
0. = 1100 o/,
n=0.075;
V, =20
Pewenue:

[To dopmyne (5) BeUMCISIEM MacCy TJMHBI WIW YTSKEITUTEIS
3
HEO0OXOAUMYIO JIJISl YBEJIMUEHUS IIIOTHOCTH TIIMHUCTOTO pacTBopa 70 1300 kr/m

2.0 -2.650(1300-1100)
my, = =891.4 ke

2650 - 1300(1-0.075+ 0.075-2650-107)




3. Pacuem obvema Oobasnsiemozco eauHucmoz2o0 pacmeopa  Oonbuiell
3
naomuocmu  (Vyps, M°) mpebyemo2o O yeeruuenus NIOMHOCMU UCXOOHO20
pacmeopa

Vdpﬁz ) (6)

3
T1€ p,, - INIOTHOCTh 100AaBIISIEMOr0 IIMHUCTOTO PacTBOPa (KI/M”).

[Tpumep 3
Hano: p,, = 1300 K2/, Haiimu: V5 ="7?
0. = 1100 ke/m®;
Pmp = 1150 Kke/m>;
V,=2.0x
Pewenue:

ITo dopmyne (6) BeumcisieM oObeMa A00ABISIEMOIO TJIIMHUCTOTO
pactBopa MIOTHOCTBEIO 1300 Kr/mM° TpeOGyeMoro mis yBEIHYEHHS IIOTHOCTH
HCXOAHOTOo pacTBopa 110 1500 Kr/M>

201150 -1100) 3
Vs = = 0.667
1300 - 1150

4. Pacuem obvema 600bl uiu 2AUHUCMO20 PACMEOPA MEHbULel NIOMHOCIU
3 . y
(Voe, M°), 00bOa6IsI€MBIX 6 UCXOOHBIU 2AUHUCMBIL PACMBOP ONlsl CHUNCCHUS. €20
NIOMHOCIU 00 MpedyemMoil 8eIUYUHbL

Vp(pu B pmp)
V()(;: ) (7)
pmp “Pos

TI€ Oy, - TUIOTHOCTH JO0ABISIEMON BOABI WM TIWHUCTOTO pPacTBOpa MEHBIIEH
3
IJIOTHOCTH, KI/M".

[Tpumep 4
Hano: p, = 1200 ke/m’; Haiimu: Vy, =?
Pmp = 1150 K/
V,= 3.0
Pewenue:

[To dopmyne (7) BbuucasieM 00bEM BOABI TpPeOyeMbIN IS
YMEHBIIIEHUS TIIOTHOCTH UCXOIHOTO pactBopa 10 1200 Kr/M°
3.0-(1200-1150) 3
Ve = = 1.0 n
1150 -1000

4. 3KCI’I€leM€HI’I’lCl]ZbHCIﬂ yacmov




4.1. Ilpubopol, npunadreircHoCmu U Mamepua.ivl

[Ipu BbIMOMHEHUHU Ja00PATOPHOI padOTHI UCTIOIB3YIOTCS: ApEOMETP OYPOBBIX
pactBopoB ABP-1; cMecutenbHasi ycTaHoBKa “BopoHex’; TEXHMYECKHE BECHI C
pa3HOBECAMH; TaXOMETP; MHUKPOKAIbKYIATOPBI, MEpHbIA muIuHAp Ha 500 mit;
TJIMHOMOPONIOK; TEXHUYECKAasl BOJIA.

4.2. [lopsoox evinonneHus 1a60pamopHoll pabomol

J171s1 BBITIOJIHEHUS JTA0OPATOPHOM pabOThl MOATPYMIa CTYyI€HTOB pa30UBaETCs
Ha JiB€ OpUrajpl, Kakaas U3 KOTOPBIX BBINOJHAECT UHAWBUAYaIbHOE 3a1anue. [Ipu
BBITIOJITHCHUN 3aJjaHUS HEOOXOIAMMO PYKOBOJICTBOBATHCS W3JI0KEHHON BBIIIIE
METOJIMKOM.

4.3. 3aoanue

O6beM mpurorasiuBaeMoro pactopa 0,4 1= 0,4-10° m°

0,=2650 kr/m°

n=0,06
bpurana I bpurana II
1. IIpuroToBUTH HUCXOJIHBIA TJIMHUCTBIN |1. IIpUTrOTOBHUTH HCXOAHBIA TJIUHUCTHIN
pacTtBop mioTHOCThIO o = 1030 Kr/M> pacTtBOp I0THOCTHIO P = 1080 Kr/M°
2. YTXKeNUTh UCXOIHBIN pacTBOP MIMHOM |2. Pa30aBUTh MCXOIHBIA pacTBOpP BOAOU
10 Py, = 1080 KT/M° 10 Py = 1060 KT/M°
3. Pa30aBUTh PacTBOpP BOJOH 1O O, =|3. YTKEIUTb PacTBOP INIMHOH 1O O, =
1050 kr/m® 1080 kr/m®

Ilpumeuanue: BpeMs IepeMEIIMBAHNS PacTBOPA - 5 MUH;

4.4. Cooeporcanue omuema
[lenb paboOTHI.
[TpuGopsl, IpUHAIICKHOCTH, MATEPUATIBI.
Pe3ynprarsl pacueTos.
CpaBHUTENBHBIN aHaIU3 PE3yJIbTATOB MOJYYEHHBIX PACUETHBIM M OIBITHBIM
MyTEM.

IIpakTnueckas padora Ne§
2 4aca
PACUYET OCHOBHBIX CBOUCTB BYPOBOI'O PACTBOPA
1.Hesnb padoThI
[TprobpeTeHne MpakTUYECKUX HABBIKOB JJISl pacyeTa OCHOBHBIX CBOHCTB OYpOBOTO
pacTBopa
2.00ecneuynBamomne cpeacraa
2.1. Kanpkynstop
2.2.MeTtouyeckue yKa3zaHus
3.JIuteparypa
3.1.}0.B.Bagenxkuii 6ypenre He(TSIHBIX U ra30BbIX CKBaKUH cTp 139-148



4. 3aganue
4.1 M3yuuTs o0111Me peKOMEHAAIMH 110 PacueTy napaMmeTpoB OYpOBOro pacTBopa
4.2. PaccuuTaTh INIOTHOCTH , BS3KOCTb, MOKa3aTenb GpuibTpanuu, CHC 6ypoBoro
pacTBopa
5. TpeOoBaHus K OTUETY

5.1. Homep paboTbl
5.2. Pacuet no ¢popmynam
5.3 Tabnuna pe3ynbTaToOB pacyeTa
6.TexHoJiorust padornbl
Teker K npakTHYecKkoi padore

BypoBbie pacTBOpPBI BBIMOJHSAIOT Psia (YHKIWNA, KOTOPBIE ONPEACISIIOT HE
TOJIBKO YCHEIIHOCTh U CKOPOCTh OypEeHHs, HO ¥ BBOJI CKBXKHUH B DKCIUTyaTallUIO C
MaKCUMAaJIbHOW MPOJYKTUBHOCTHIO. OCHOBHBIE M3 HUX: OOECIedeHHE OBICTPOTO
yrayOJeHus, COXpaHEHUE YCTOMYMBOCTH CTEHOK CKBAXXMHBI M KOJUJIEKTOPCKHUX
CBOMCTB NPOJYKTUBHBIX TOPU30HTOB. BEITIONIHEHNE YKA3aHHBIX (QYHKIIUNA 3aBUCUT
OT B3aUMOJICUCTBUS OypOBOTO pacTBOpa ¢ KOHTAaKTUPYIOIIEH TOpPHOM MOPOJIOH.
Xapakrep W HHTCHCHUBHOCTH B3aWMMOJCHCTBUS OIPEIACISAIOTCS IOPOAON U
COCTaBOM JUCIIEPCHUOHHOU CpEBl.

Tun OypoBOro pacTBOopa, €ro KOMIIOHEHTHBIH COCTAaB W TPAHUIIBI
BO3MOYKHOTO TPUMEHEHUS YCTAaHABJIWBAIOTCS, B IMEPBYIO OYEPEAb , MCXOAA U3
TEOJIOTUYECKUX YCIOBUU OypeHus : (U3MKO—XMMHYECKUM COCTaB MOpPOA H
coJiep’KaHhe B HHMX (IIOMJIOB , IUIACTOBOTO W TOPHOrO JaBJICHUU , 3a00iHOI
temnepatypsl . Ha miomansax 3anagHoit Cubupu 0ypoBbie pabOThI TPOU3BOJISAT C
MCIMOJIb30BaHMUEM TIIMHUCTHIX PACTBOPOB . [ IMHMCTOMY pacTBOpPY MPHUCYIIU TAKHE
GyHKIUHA : 3TO CHOCOOHOCTh TJIMHU3UPOBATh CTEHKH CTBOJIA CKBOKHHBI H
yAEPKUBATHh YACTUIIBI BEIOYPEHHOMW MOPOJII BO B3BEIICHHOM COCTOSIHUU B MEPUO]T
MpeKpaleHuss MUPKYISIun. J1a n30ekaHuss OCIIOKHEHMM MW aBapuil BaKHO,
yTOOBl W3 TJIWHUCTOTO PACTBOPA, HAXOJAIIETOCS B CKBAXWHE, HE BBIMAAalU
YaCTHIIbI BHIOYPEHHOM MOPOJIbI B IEPUO/] MPEKPAIICHUS IUPKYIISAIUH.

B cuny psAna reonorMyecKkMx YCIOBUM IS MECTOPOXKIEHUW 3amagHoil
Cubupu HamboJee MOXOIUT TJIMHUCTBIA OYpOBOM pacTBOp: cTpaTUrpaduyuecKuii
pa3pe3 B OCHOBHOM CJIO)KE€H TJIMHUCTBIMU MOPOJAaMH, 4YTO JAE€T TMpH
HEOOXOJIMMOCTH MPUMEHATH ‘‘camo3aMec”, TO €CTh HapabOTKy TIJIMHUCTOrO
pacTBOpa MOYKHO MPOU3BOJAUTH HEMOCPEACTBEHHO B CKBAXXMHE W YKOHOMUTH NPHU
TOM Kak cpeacTtBa, Tak U BpeMa. OgHako B JaHHOE BpeMsi 3TOT CHOCOO
MPAKTUYECKA HE HCHOJIB3YIOT TaK KakKk CBOWCTBA M KAayeCTBO TJHMH Ha
MECTOPOXKICHUSAX PA3HOE, a CIENOBATENBHO TPYAHO CIEOUTH 3a MapameTpamu U
KauecTBOM OypoBOrOo pacTBOpa, IOSTOMY JJIS TPHUTOTOBJICHHS pacTBOpa
MIPUMEHSIOT TIIMHOIIOPOIIOK.

I'muauCTBIE pacTBOp — HamboJiee YHUBEPCAIBHBIA a, CIEAOBATENBHO,
IIMPOKO MPUMEHSEMBIM M JOCTYIIHBIM THI MPOMBIBOYHOM KUIKOCTH. KaduecTBo
IJIMHACTOTO pAacTBOpa OLICHUBAETCS PAIOM XapPaKTEPUCTHUK, OCHOBHBIMHU U3
KOTOPBIX SIBJISIFOTCS:



1) MJIOTHOCTH;

2) CTaTHYECKOE HAIMPSKEHUE CIIBUTA,
3) BOJIOOTIAYa;

4) BSI3KOCTb;

5) coziep KaHue TeCKa.

['MUHUCTBI  pacTBOp NPUTOTOBISIIOT M3 TIJIMHOMOPOLIKA H IO Mepe
HE00X0AMMOCTU 00padaTHIBAIOT CIEAYIOIMMUA XUMUYECKUMH PEAreHTaMH :
» cMasbiBaromas gobaska P2KC
» IUIsl TIpeIOTBPAILEHUS] TUCIIEPTUPOBAHUS , TUpATAllUU , @ TAKXKe Kak
cmasbiBatonryto qo6asky 'KOK-10
> s nonmkenns ¢unstpanun CANMIIAH s 6onee 3 deKTHBHOTO
MOHWXEHUST  (PUIIBTPALIMH JNK-/IPUJI Al cymecTByloT U Japyrue
100aBKH , KOTOpBIE MPUMEHSIOT COTJIACHO TOPHO — T€OJIOTMYECKUM
yCIIOBUAX OypeHus
ITo npaBunam 6e30naCHOCTH B HEPTSIHON U ra30BOM MPOMBIIUIEHHOCTH
[1608-624-03 mnoTHOCTH OYpOBOTO pacTBOpa JAOJKHA ONMPEIEISITCS U3 pacuera
CO3/1aHHUsl CTOJIOOM OYpOBOIO pacTBOpa FUAPOCTATUYECKOTO JTABICHMUS
IPEBBILIAIOIIEE [IACTOBOE HAa BEJTUUNHY:
» 10% nns wHTEpBaIoB OypeHus riayouHoi 10 1200M.
» 5% nuiia uaTepBanioB Oypenus riyounHoi ot 1200 mo 2500Mm.
JlanHple 11 pacyeta — MaTepHalbl MO MecTopoxaeHusM ( mo 1
MPaKTUYECKON padoTe)

Ipumep
Pacyer miioTHOCTH OypOBOro pacTBopa
[TnoTHOCTE OYPOBOIO pacTBOpPa PaCCUUTHIBACTCS MO (hopMyJie:
Pop.= Pus/ (0% H) + (0,1~ 0,15)* P,/ (g * H) (1)
rae P, — minacrtoBoe gariaenue, MllIa;
g — yCKOpeHHe CBOOOIHOTO TaJICHHS;
H — rimyGuna ckBakHHBI, M.
B unrepsaine 6ypenus ot 0 10 450 meTpoB
P..=4,41 MIla
p6,p:[4,41*106/(9,8*450)]+[(O,l~0,15)*4,41*106/(9,8*450)]=1,1~1,15 r/em®
TIpHHIMAaeM IUIOTHOCTB GypoBoro pacTsopa 1,15 r/cM®, Tak Kak Ha 3TOM
WHTEpBaJIe BO3MOXKHBI OCHIITA U 00BAJIBI CTCHOK CKBKHWHBI M TUIOTHOCTH pacTBOpa
JI0JKHA UMETh MaKCUMaJIbHOE 3HAYCHHE.

B unrepnane ot 450 no 1950 meTpos

P.,=21 MIla
psp=[21*10%(9,8*1950)]+[(0,5~0,1)*21*10%(9,8*1950)]=1,16~1,21r/cm®

[IpuHIMAaeM IUIOTHOCTH GYpOBOro pacTBopa 1,18 r/cM®, Tak Kak IpH O4eHb
OOJBITION MJIOTHOCTH MOKET BOSHUKHYTH TIOTJIONIEHHE OYpOBOTO pacTBOpa.

B unTepsane ot 1950 no 2400 meTpoB

P.,=25,9 Mlla
ps,=[25,9%10%(9,8*2400)]+[(0,05~0,1)*25,9*10%(9,8*2400)]=1,16~1,2 1 7/cm°



[IpuHIMAaeM MHHAMAIBHYIO IIOTHOCTB 1,16 r/cM®, U1 MEHHMATBHOTO

BO3JICUCTBUS HA TJIACT U U30€kKaHUs OTJIOIIEHUN.
Pacuyer ycj10BHOM BSA3KOCTH

ITo pexomennamussm BHUMKP HedTh ycioBHAs BA3KOCTh pacCUUTHIBACTCS 110

bopmyie:
VB <21%p*10° (2)
IJie p — IIOTHOCTH GYPOBOTO PacTBOPA, KI/M°

Ha unrtepBane ot 0 no 450 metpoB

VB<21 *1150*10° =24 ¢

Ha unrtepBane ot 450 no 1950 metpos

VB <21 *1180 *10°=24.8 ¢

Ha nnatepBane ot 950 no 2390 meTpos

VB <21 *1160 * 10° =244 ¢

Pacuyer cTaTH4ecKOro HANPSKEHUsI CIBUTA

3nauenus craruueckoro HamnpsokeHus casura (CHC) moimkHb ObITh
MHUHHUMAaJIbHBIMU, HO JOCTATOYHBIMU JIJIS1 yIEPKaHHs BO B3BEILIECHHOM COCTOSIHHH B
MOKOSIIIEMCSl OYpOBOM pacTBOPE YACTHIL ITITAMA U YTSKEITUTEIIS.

CHC paccuutbiBaercs 1mo ¢popmyiie:

CHCy,o=(d* (pn—p) *9g*k)/6, alla (3)

rae d — yCJIOBHBIM TUaMeTp YacTHIl IIIJIama, M;

K — ko3 unmenT yunTeiBarommii peanpHyto hopMy dacTuil niama, K =
0,4-+0,6;

Pn — IIIOTHOCTB TOPHO# MOPOIBI, KI/M’,;

p — ILIOTHOCTH GYpPOBOTO PACTBOPA, KI/M";

g — YCKOpEHHe CBOGOJHOTO MaIeHuUsI, M/c.

CHC;20,5*2~-e"""") *d* (pn—p), alla (4)
[IpuHMMarOTCS ClenyOIIe JaHHBIE:

d =5 mm,
g=9,8 m/c’,
k=0,,5.

Ha untepBane ot 0 no 450 metpos
pn = 2100 xr/m°
CHC; > 0,5 * (2— ™71 * 5 %107 *(2100 — 1150) = 34 nlla;
CHCy = (5 * 10 * (2100 — 1150) * 9,8 * 0,5) / 6 = 38 alla.
Ha nnrepBane ot 450 no 1950 metpos
pn = 2140 kr/m°
CHC; > 0,5 * (2 — 10103 * 5 x103 * (2140 — 1180) = 35 alla;
CHCyo = (5 *10°° * (2140 — 1180) * 9,8 *0,5) / 6 = 39 xlla.
Ha unrtepane ot 1950 no 2400 meTpoB
pn = 2170 xr/m®
CHC; >0,5 * (2 — ™93 . 5.10° - (2170- 1160) = 37 alla;
CHCy = (5 *10° *(2170— 1160) *9,8 *0,5) / 6 = 41 nalla.
oka3aresan puabTpanum 0ypoBoro pacreopa
[TokazaTenb GpuIbTpaliy pacCUUTHIBACTCS MO (HOPMYJIE:
D <D,/ [(1+0,028 *(T-20)) *(1+3,9 *(1-exp *(-0,1*AP)))], (5)



rae O, — MaKCHMAaJIbHO JIOIyCTUMAs BEIMYMHA ITOKa3aTells (GUIbTpanyy B
YCJIOBUSX BBICOKHMX TEMIIEPATyp U AaBiaeHul, O ,= 15 (cM*/30MuEH);

AP — makcuMalnbHas BeJIMUYMHA PENPECCUU Ha BCKPbIBaEMble OypeHUEM
miactel, MlIa;

T — MaKcHMaJIbHas TEMIIepaTypa B paccMaTprBaeMoM HHTepBaie, 'C.

MakcumanbHasi BEJIMYMHA PENPECCUU Ha BCKPhIBAEMbIe OypEHUEM TLIACThI
paccuuThiBaeTcs no hopmyre:

AP = (p —pi’) *g *H*10°, Mlla (6)
I7ie p — INIOTHOCTh OypOBOTO PacTBOpa KI/M';
pn” — BEJMYIHA IACTOBOTO JABJICHMUS B YKBHBAICHTE ILIOTHOCTH, KI/M';
H — riyObuna unTepBana, M.
B unrepaine 0ypenus ot 0 1o 450 meTpos
AP = (1150 — 1000) *9,8 *450*10° = 0,7 MIIa;
@<15/[(1+0,028*(22-20))*(1+3,9*(1-exp*(-0,1*0,7)))]= 7 cm*/30muu
B unrepsaine 6ypenus ot 450 1o 1950 metpos
AP = (1180 — 1000) *9,8 *1950*10°° = 3,44 MIIa

D<15/[(1+0,028*(60-20))*(1+3,9*(1-exp*(-0,1*3,44)))]= 5 cm*/30MuH

B unrepsaine 6ypenuu ot 1950 no 2400 metpoB

AP = (1160 — 1000)*9,8 *2400*107° = 3,76 MI1a;
@ < 15/ [(140,028 *(72-20* (1+3,9 *(1-exp*(-0,1*3,76)))]= 3 cM*/30Mun

PaccunTanHbie BhINIE 3HAYCHUS ITapaMETPOB OYPOBOTO PacTBOPA MPUBEICHBI
B Tabnurue 1

Ta6nuna 1 - [Tokazarenu cBoMCTB OypOBOro pacTBopa.

HNuTtepBan, m ITokazarenu
ITnotaocts, | CHCyj, Bomootnaua, | CopepikaHue
Or Jlo r/em’ nlla ¥B, ¢ cM>/30MuH recka, %
0 450 1,15 34/38 24 7 <1
450 | 1950 1,18 35/39 24,8 5 <1
1950 | 2400 1,16 37/41 24,4 3 <1

IIpakTnueckas padora Ne9

PACYET FPII[PABJIPI‘IECKOﬁ IMPOI'PAMMBLI ITPOMBIBKH
1 gyaca

1.Hesan padoThI

[IpnobpeTeHne MpakTUUECKUX HABBIKOB pacueTa TUIPaBINYECKOM MporpaMMbl
MpOMBIBKH 2.00ecneqyuBaoue CpeacTaa
2.1. Kanbkynsitop

2.2.MeTroauyeckue yKazaHus

3.Jluteparypa
3.1.10.B.Bagenkuii 6ypenre HeQTSHBIX U ra30BbIX CKBakuH 205- 208




4. 3aganue
4.1.Pacuer oObeMa OypoBOTO pacTBopa o UHTEpBaJIaM OypeHus
4.2. OmnpeneneHre MakCUMaIbHOM mogauu 0ypoBOro Hacoca
4.3. Onpenenenre KoiandecTBa OypoBbIX HACOCOB
4.4. OnpenenieHre quaMeTpa BTYJIOK OypoBOTo Hacoca
4.5.0npeaenuts pabouee AaBieHHe OypOBOIro Hacoca.
5. TpeOoBaHus K OTUETY

5.1. Homep pabotel
5.2. Pacuer mo ¢hopmynam
5.3 Tabnuna pe3ynbTaToOB pacyeTa
6.TexHoJiorust padornbl
['uapaBnryeckuil pacyeT MPOU3BOIUTCS ISl TUAPABIUUYECKOTO criocoba OypeHus.
JlanHble 715 pacuera cBe/ieHbl B Ta0I. 1

Tabnuna 1- Micxonueie qaHHbIe )11 pacuera

3HaueHUs
HaumeHOBaHMe MapaMeTpoOB
['myOuHa CKBaXUHBI, M 2559
JlnameTp CKBa)KUHBI, M 0,248
[TnoTHOCTB pa30ypHBaeMbIX MOPO/I, Kr/M3 2400
Mexanudeckasi CKOPOCTbh OypeHuUs 0,015
MakcumainbHasi CKOPOCTh IOJbeMa KUJIKOCTH B 0,75
3aTpyOHOM TMPOCTpPAHCTBE, OOECIEeUnBAIONIass BBIHOC
nraMa, M/4
Peonornueckue cBOMCTBA KUIKOCTH:
- TMHAMWYECKOe HampshKeHue cipura, [a 6
- IJIaCTHYECKas BI3KOCTh, [1a *c 0,008
MowmeHnT Typ60Oypa, HEOOXOIUMBIN I pa3pylICHUS 1450
nopoJibl, H*M
DeMeHThI OyPHIIBHON KOJIOHHBI:
VThb:
- IIMHA , M 24
- HAPY>KHBIU JUAMETP, M 0,178
TBIIB:
- IJIAHA, M 384
- HAPYXKHBIU AUaMeTp, M 0,127
- BHYTPEHHUHN JUaMETP, M 0,109
- HApY>KHBIN JUaMeTp 3aMKOBOT'O COCTMHEHUS, M 0,170
JIBT:
- IIMHA , M 2166
- HAPYXXHBIU AUaMeTp, M 0,147
- BHYTPEHHU JUAMETp, M 0,125
- HapY>KHBIN JUAMETP 3aMKOBOT'O COCTMHEHHUS, M 0,168




DJIeMEHThl HA3eMHOM OOBSI3KU:

- YCJIOBHBIN pa3Mep CTOSKa, MM 140
- TUaMETP MPOXOJTHOr0 CEYEHHUsI OYpOBOro pyKaBa, MM 102
- TUAMETP NPOXOJHOrO CEYEHUS BEPTIIOra, MM 75
- TUaMETP MPOXOJHOTO CEYSHHUsI BeTylIel TPyObl, MM 40

1 .Onpedenenue pacxoda npoMvl8OUHOU HCUOKOCMU U3 YCA08USL BbIHOCA
WAMA NPU MUHUMATILHOM HAPYHCHOM Ouamempe mpyo 6ypuibHOU KOJOHHUYL.
Q = 72/4 * (dc - dn) 2* VK,

rae Q - pacxo1 IPOMBIBOYHOM YKHUIKOCTH, M
dC - AuameTp CKBaXXHMHBI, M ;
dn - Hapyxwusiii nuametp TBIIB, Mm;

Q = 3,14%/4 * (0,248 - 0,127 )2 * 0,75 = 0,027 M/c
2. Onpedenenue pacxo0a NPOMbIBOYHOU HCUOKOCMU U3 VCAOBUS OUUCHKU
36160}1 CKBAMNCUHDbL.

Q=a*n2/4*dc,
rze a - Ko3pGUIUEHT, yYUTHIBAIOIMNN TypOUHHBIN c1oco0 OypeHus,
a=0,65.

Q = 0,65 * 3,142/4 * 0,248 = 0,031 m/c
BbiGop 1uamMeTpa BTYJIOK H ONpejieJieHne Moaauyn Hacoca.

3

)

[To nanbonbmemy 3nadeHuto Q = 0,031 M3/C BbIOMpaeM JUaMETpP BTYJIOK
OypoBBIX HacocoB. Ha mpakThke dYacTo W3 JBYX YCTAaHOBIEHHBIX HAaCOCOB
UCTIONB3YIOT OJIMH, a IPYroi HaXxoauTcs B pe3epse. OHAKO eciy TUApaBIndecKas
4acTh HACOCOB OyJeT HAAESKHOH, TO s MoJABOAa OOJbIIeH THUAPABINYECKON

MOIITHOCTH K A0J0Ty, obecieunBas Q>0,031 M3/c, 1eaecoo0pa3Ho MPUMEHATH 00a
Hacoca. B nmanHHO# paboTe pacueTsl MPOBEACHBI MpU pabOT OIHOTO Hacoca.
[Tpuanmaem nuametp BTynok 170 MM 1 onpenensieM mojady ogHoro Hacoca (m=1)
npu ko3 dunmente Hanonuenus M = 0,9 mo Gpopmyre:

Q=o0*m=*Qun,
rie QH - mojaua Hacoca Mpy JaHHOM JUaMeTpe BTYJIOK, M3/C.
Q=10%*0,9*0,0355=0,0319 Mol

Halinennas mogada npuemsiemMa, Tak Kak OHa HE MEHBIIIE TT0J1ady,
MOJIYYECHHBIX BbIIIE. TOrga MUHUMAJIbHASI CKOPOCTh JKUIKOCTH B KOJIBIIEBOM
kanaiie 3a ThIIB:

Vin= 4Q / n%(dc” - dn’),
Vi = 4*%0,0319/ 3,14° (0,248" -0,127°) = 0,895 m/c
Pac4yer pacxoaa 0UMCTHOIO areHra
Hupkynsamuss OypoBoro pactBopa npu OypeHUU JOJDKHA OOecreuyrBaTh
YacTOTY CTBOJIa CKBaXUHBI M 32005 ,0XJIaXACHHE J0JI0Ta , CIOCOOCTBOBATH
pa3pyIlICHUIO TOPOJIBI ,IPEAYIPEKAATh OCIOXKHEHUs . OnbIT OypeHus mokaszan ,
4yTO 1Ji 70J0T guameTpom 320 — 393 MM BmoJiHE J0cTaTouHbl pacxoabl 70 — 80 1




/e u 20 —25 n/c nast nonot auamerpom 215 — 265 mm i ynydieHUs: OUUCTKA
BAXHO HE YBEJIMYMBATh PACXO] CBEPX ITHX BEIMYMH , a COBEPIICHCTBOBAHUE
HalpaBJICHUS TOTOKOB Ha 3a00H W aKTUBU3UPOBATH CKOPOCTH MCTCUYCHUS
pacTBopa M3 HaCaoOK .
Pacuer mpoBOAMM MO HWHTEHCUBHOCTH OYMCTKHA 32005 CKBaXUHBI M IO
BOCXO/ISIIIMM MTOTOKaM .
1) Pacuer pacxoja MpOMBIBOYHON >KHUJIKOCTH I10 HHTEHCHBHOCTH OYHCTKH 32004
CKBKUHBI MO0 HHTEPBAIAM : Q=x * S 3a0 ,
(12)
rae K — KodhUIMeHT yAeIbHOTO pacxoja kunkocta pasubiii 0,03 — 0,065 1 /c
na lom? X
S 3a6 — ruIoINaIb 33605 , CM” .
S3a6 = 0,785 * JIn®, (13)
I'me Jln — nuameTp nosota , cM .Pacuer pacxona npu OypeHHH 101 HalpaBjeHUE ,
KOHJIYKTOP , IKCIUTYyaTallUOHHYIO KOJIOHHY
S 3a6 = 0,785 * 39,37 * 39,37 = 1216,7 cM*;
Q =0,065 *1216,7=79 n /c;
S 3a6 = 0,785 * 29,53 * 29,53 = 684,5 c™’;
Q =0,065*684,5=441n/c;
S3a6 = 0,785 * 21,59 * 21,59 = 365,9 cm;
Q =0.065%*3659=23,78n/c.
2) Pacuet pacxojia MpOMBIBOYHOM KHUJIKOCTH N0 CKOPOCTH BOCXOJSIIETO MOTOKA ,
P ATOM PEKOMEHIYyEeMbIe CKOPOCTH BOCXOJIIETO IMOTOKAa PEKOMEHIYETCS
NPUHUMATH CJICAYIOIIHNEe 3HaueHus: st opoa Tima M — (0,9 —1,3) ;
s mopox tuna C — (0,9--1,3) ;
Q = Vsoc * S xn , 11 /c ,
(14)
rie VBOC — CKOPOCTh BOCXO/ISIIET0 MOTOKA , J1/C ,
S K.II. — IJIOMAb KOJIBLEBOTO MPOCTPAHCTBA , M° .
S km = 0,785 * ( Jz* — J 6.1°. ) * 1000 , M
(15)
rae n — nuamerp moJsiora , M ;
J1 6.1. — nuameTp OYpHIBHBIX TPYO , M
J6.1.=0.114 m.
Pacuer pacxona npoMbIBOYHOM KUJIKOCTH TTPU OYPEHUH MO/
HaIpaBJICHUE , KOHIYKTOP , IKCILTyaTallHOHHYIO KOJIOHHY:
S x.a1.= 0,785 * (0,3937% - 0,114% )*1000=111,4 M%;
Q=09*111.4=100x/c;
S k.. = 0,785 * (0,2953% - 0,114% ) * 1000 = 58 M%;
Q =09*58=522 n/c;
S k.. = 0,785 * (0,2159° - 0,114% ) * 1000 = 26,3 M
Q=07*263=184n/c.
3) PacdeT pacxoaa mpOMBIBOYHOM KUJIKOCTH , 00SCIIEUYNBAIONINI BRIHOC IIJJaMa:
Q=Vkp*Smax + S3a6 * V mex * (Ym—Yx )/ YcMm - Yx , II/c (16)



['me VMex — CKOpOCTh YacTHIl IJIaMa OTHOCUTEIHLHO MPOMBIBOYHOM KUIKOCTH
M /c;
Smax — MakCHMaIbHAS IUIOMIA b KOJIBIEBOTO IPOCTPAHCTBA, M
S3a0 — mIomanab 32005 CKBaKUHEIL , M
VMex — MeXaHH4UeCKasi CKOpOCTh OypeHus , M /¢
YCM — YIe/IbHBIH BeC CMECH LLTAMA M IPOMBIBOYHOI KHIKOCTH , T /CM°
YK — y/Ie/IbHBI BEC IPOMBIBOYHON KHIKOCTH , T /CM°
Yem — Yk =0,01 — 0,02 v/ em3. IIpoexrom mpusito 0,02 r/cm®
3amaroTcs mapaMeTphl B PACCYUTHIBAIOTCS TUIOMIAIN 32005 :
Vmex =0,05m/c; Vkp=0,5m/c;Yn=24r1 Jem®
Yxk=1,2r/em’;
-- ga uaTepBane 0 — 40 1 S3a6 =0,3937° * 0,785 = 0,121 M*;
-- Ha uHTepBaie 40 — 450 MeTpoB : S3a6 = 0,2953% * 0,785 = 0,068 M*;
-- Ha uHTepBajie 450 — 2400 meTpoB : S3a0 = 0,21592 *0,785=0,036 M
Maxcumanvras niowaosb Koibyego2o NPOCMpPAHCMEa :
--2Ha unrepBaiie 0 — 40 MeTpos ; Smax = (0,3937° - 0,127%) * 0,785 = 0,109
M
” Ha unrepsaie 40 — 450 metpos:  Smax = ( 0,2953% - 0,127% ) * 0,785 = 0,055
M
--2Ha urTepBane 450 — 2400 metpos :Smax = (0,2159% — 0,127%) * 0,785 = 0,024
M.
[ToncraBiisist mojiydeHHbIE 3HaUeHUS B hopmyiy (16 )
HaWeM pacxXoabl TPOMBIBOYHOM KHUIKOCTH MIPU OyPEHUH IO
HaIpaBJICHUE , KOHIYKTOD , SKCILTyaTallHOHHYIO KOJIOHHY :
Q=05*%0,109+0,121*0,05*(2,4-1,2)/0,02=411n/c
Q=05*0,055+0,068*0,05*(24-1,2)/0,02=23n/c
Q =0,5*0,024 + 0,036 *0,05* (2,4—-1,2)/0.02=28n/c
4) Pacuer pacxojia MPOMBIBOYHOM KHIKOCTH , TPEAOTBPAIIAOIIUN PA3MbIB CTEHOK
CKBQ)KUHBI :
Q =Smin * Vk.m.max , i1 /c (17)
re SMin — MUHIMAITbHAS TUIOIIA/[b KOJIBLEBOTO IPOCTPAHCTBA, M” |
VK..max — MakCUMaJbHO JIOMYCTUMAasl CKOPOCTh TEYECHHS >KHUJIKOCTU B
KOJIBIIEBOM MIPOCTPAHCTBE , M /C .
[TpunsTo Vk.mmax=1,5m/c .
3aiaroTcs MUHUMAJIbHBIE TUaMETPhI TPU OypeHUH
» mnon HanpasieHue — 0,178 m ,
» non kougykTop — 0,172 m,
» TI0f OKCIUTyaTallMOHHYI0 KOJOHHY — 0,127 M .
Q =0,048*1,5=70xn/c;
Q =0,044 *1,5=661/c;
Q =0,019*1,5=285n/c.
5) Pacuer pacxoaa npOMBIBOYHOM KUJKOCTH JIJIsl IPEAOTBPAILICHUS IPUXBATOB :
Q = Smax * Vk.m.min , i1 /c (18)
rae  VK.ILMIN — MEHUMAJIBHO JOMYyCTHMAsi CKOPOCTh MPOMBIBOYHON KHIKOCTH B
KOJIBIIEBOM TIpocTpaHCTBe paBHas 0,5 M /c ;



Smax — MaKCHMaIIbHAS TLIOMA/[b KOIbLEBOTO IPOCTPAHCTBA , M
Q = 0,109 *0,5=54,5n/c;
Q = 0,055*0,5=275n/c;
Q =0,024*0,5=12n/c.
PacueT no ckopocTH UCTeUEHHUs U3 HACAI0K JI0JIOTA :
Q=Fm™* Vg (19)
rae VI — CKOpoCTh UCTEUEHHUS U3 HacaloKk paBHa 125 m/c;
Fm - mnomaas Hacagku paBHa 13,5 cm2
Q=0.00135*125=0,1687 m3/c; Q=16,7 n/c.
JlaBneHue runpopaspsiBa:
Prp = 0.87 * Prop , MIla (20)
Prop=Y *0.01 *H, MIIa (21)
rae Y — ynenbHas MI0THOCTh TOPHBIX TTOpoJ , T/cM3
H — rimyOuHa CKBaOXXHUHBI , M .
HaBnenue runpopaspeiBa o gopmynam ( 20 ), (21 ) paBHo :
Prop=2,4 * 0,01 * 2800 = 67,2 MIla,
Prp =0,87 * 67,2 = 52,464 Ml1a .

IpakTnyeckas padora Nel(

PACUYET KUCJIOTHOUW BAHHBI JUIS IMKBUJAIIAA ITPUXBATA
2 yaca

1.Hesan padoThI
[IpnoOpeTeHne MPaKTHUYECKUX HABBIKOB JKHJAKOCTHOW BaHHBI IS JIMKBUIAITUH
npuxBaTa
2.00ecnneunBamone cpeacTaa
2.1.Metoauueckue yka3aHus
3. 3axanue
3.1.PacuuTaTh KUCIOTHYIO BaHHY JUIsl ONIPEJICIICHHBIX YCIOBUIN
3.2. OTBETUTH Ha BOIPOCHI

4. TpeGoBaHus K 0TUETY
4.1. Homep paboTsl
4.2. Pacuetsl
4.3. OTBeTHI HAa BONIPOCHI
5. TexH0JI0rusi BHINIOJTHEHUS
Hcxoanble TaHHbIE U1 PellleHUs] 3a/1a491

Ne ['my6una Jnmuna Huametp
BAPUAHT | CKBAXXWH | HENPUXBAYEHHOU Jonora, MM
a Bbl, M yactu bK, m

1 3050 2750 215,9

2 3000 2700 190,5

3 2900 2600 215,9




4 2950 2650 190,5
5 2800 2500 215,9
6 2750 2450 190,5
/ 2700 2300 215,9
8 2650 2250 190,5
9 2600 2200 215,9
10 2550 2150 190,5
11 2500 2200 215,9
12 2450 2150 190,5

Paccuntate HedTsAHYIO BaHHY IS OCBOOOXJICHMS TpUXBadyeHHBIX 140-MM
OYpUIBHBIX TPYO C TOJIIMHOW CTEHKU & = 8 MM, ecliu riyOouHa ckBakxunbl H =
2300 m, nuametp posora D, = 295,3 MM, JulMHA HENPUXBAYEHHON YaCTH KOJOHHBI
L,,= 2000 M, mioTtHOCTH OypoBOro pactBopa p,,= 1,25 r/cm’., IIOTHOCTH
Heptu p, =0,8 r/cm®.

Pewenue. Onpenenum HE0OX0UMOE KOJTUIECTBO HEPTH 111 BAHHBI

V, =0,785(D’as — D?*)H, +0,785d°H, (1)
- IMaMeTp CKBaKHUHBI, M.

Doy =D, =1,2-295,3=354 MM = 0,354 M.

31ech K — KO3(QPUIUEHT, yYUTHIBAIOIIMN YBEIMUECHUE TUAMETPpa CKBAKUHBI 32

cueT 00pa3oBaHUs KaBEpH, TPEIIMH U p. (BEIUYMHA €ro KoJeOneTcs B Ipenenax
1,05 -1,3); D= 0,140 M — HapyxHBIi quameTp OypuIbHBIX TpyO, M; H, - BeIicoTa
noabeMa HepTu B 3aTpyOHOM mpocTpaHcTBe. Hedth mognumatror Ha 50-100 M
BBIIIIE MECTa NMPUXBATa

rae D

CKB

H, =H-L, , +(50+100); (2)

H, = 2300 — 200 +100 =400 Mm;
d — BHyTpeHHHI TuaMeTp OYpUIIBHBIX TPYO, M

d=D-25=140 —2-8 =124 MM = 0,124 wm;
5= 8 MM- TOJIMHA CTEHKH OypWIBHBIX TpyO; H,- BbIcOTa cToiN0a HE(pTH B
TpyOax, HeoOxoaumast AJig nepuogndeckoro (uepes 1-2 1) moakauuBaHus HEPTH B
3aTpyOHOE TipocTpancTBO. [Ipuanmas H,= 200 m, HaxoguMm
V,, =0,785(0,354*> —0,140°)400 +0,785-0,124% - 200 =358 M"°.

KonuyecTBo OypoBOro pactBopa Juisi IpoAaBKu HEPTH

ﬂd 2
VE.P. = T(H - Hz); (3)
_314- 01242

V,, = (2300 —200) = 25,4 m°.

OnpenenyM MakcUMajibHOE JaBJeHHME NIPM 3aKauke HePTH, Korga 3a
OypWIbHBIMU TpyOaMu HaxXOJIUTCs OYypOBOM pacTBOp, a caMU TPyObl 3alOJHEHBI
He(ThIO



P=pPtD,; (4)
r7e p;- J1aBJeHHE, BO3HHUKAIOIIEE MPU PA3HOCTH IUIOTHOCTEH CTOIOOB KHUIKOCTH B
CKBaKMHE ( B TpyOax u 3a TpyOamu)

_H(psp —py) _ 2300(125-08)
100 100
P, - AABJICHHUC, UAYIICC Ha ITPCOJOJICHUC THAPABJIINYCCKUX ITIOTCPb. C I[OCT&TOLIHOI\(JI

=10,3 MIIa.

D1

JUTSI IPAKTUYECKUX PACYETOB TOYHOCTHIO
»,=0,001H + 8 =0,001 - 2300 + 8 = 3,1 MIla.
Torpa
p=10,3+3,1=13,4 MIla.

Cuuras, yto HeTsIHAsl BaHHA OyAeT MPOBOAUTHCS Mpu oMoty arperata [{A-300,
MOIIHOCTBIO JiBUratens kotoporo N = 120 kBt, Moxkem omnpenenuTbs BO3MOKHYIO
1o/1avy Hacoca

Q=10,2yN/10p =10,2-0,635-120/10-13,4 =58 am®/c,

rae 7 - k. Hacoca arperara [{A-300, paBnsiit 0,635.

Il pumeuuamnu e Pacuer BoASIHON M KHUCIOTHOW BaHH IPOBOJMUTCS
aHaAJIOTUYHO pacueTy He()TSAHOM BaHHBI.

KoHTpoJibHBIE BONIPOCHI :

1.Ha3BaTp OCHOBHBIE TPUYMHBI BOSHUKHOBEHUS IIPUXBATOB.

2. CnocoObl TMKBUAALIMYI IPUXBATOB OYpPUIIBHBIX TPYO

3. Cnoco0Obl TMKBUAALMH MPUXBATOB 00CATHBIX TPYO

IIpakTHyeckas padora Ne 11

BbIGOP JIOBUJIBHOI'O HHCTPYMEHTA B 3ABUCUMOCTHU OT XAPAKTEPA
ABAPUHN
2 yaca
1.l eanb
HayunTcs BbIOMpaTh JTOBUIIBHBIN MHCTPYMEHT IPH ONPEAETICHHBIX YCIOBUSAX /IS JIMKBUAALNUN
aBapui
2.00ecnieynBaomye cpeacTa
2.1.Meroauueckue yka3zaHus
3. 3ananne
3agaHue cOCTOUT M3 2 —yX YacTel
3.1.M3y4uTh JIOBUIBHBIA HHCTPYMEHT (TEOpETUYECKAs 4acTh)
3.2. BpIOpaTh HHCTPYMEHT COIJIACHO BapUaHTy CHUTYallMOHHOW 3ajauyd, OOOCHOBATh,

HapHCOBaTh 3CKU3 BHIOPAHHOTO JIOBUJILHOTO MHCTPYMEHTA (IIpaKTUYeCKasi 4acTh)
[MpumeyaHue: nmpakTUUecKas 4acTh - PEllIeHNe CUTYAI[MOHHOW 3aJja4uu BBINOJHsIEeTCs Opuranoit B cocraBe 2-3
YCIIOBCK.

TeopeTuyeckas 4acTb
MeTtuuk
NHcTpymMeHT miis  Hape3aHWsi BHYTPEHHEH pe3bObl B MPEABAPUTEIHHO TMPOCBEPICHHBIX
OTBEepCTUSIX. METUHK MpeACTaBIsieT cOO0M 3aKalleHHBIM BUHT C MPOPE3aHHBIMU BIONIb CTEPIKHS
KaHaBKaMH, 00Pa3yIOIIMMHU PEXKYIITHE KPOMKH.
MeTuuku npeAHa3HAYEHBI [Tl 3aXBaTa 32 BHYTPEHHIOK MMOBEPXHOCTh 00OPBAaHHBIX TPYO.



CriennanabHbIe METUMKH 3aXBaTHIBAIOT OYpUIBHBIE TPYOBI 32 3aMKOBYIO PE350Y.

['mankue METYMKH NMPUMEHSIOTCS TOJIBKO TOTJa, KOTAA TOJIIMHA CTEHKH OOOpBaHHBIX TPYyO B
BEpPXHEN 4acTu He MeHee 15 mm.

MeT4YHKH HeJIb35l IPUMEHSATh:
npu 00pbIBe OYPHIIBHBIX TPYO 110 TEIy;
IUISL U3BJICUCHHSI OEKOPITYCHBIX IIAPOIIEYHBIX J0JIOT.

Komnokon

HeckBo3HOW KOJOKON TpeAHa3HAa4eH Il 3axBara OOOPBAaHHBIX TPYO 3a HAPYXKHYIO
IIOBEPXHOCTb.

CKBO3HOH KOJIOKOJT 3axBaThIBACT KOJIOHHY OOOpBaHHBIX TpPyO0 3a 3aMOK WIH MYQ]TY,
PAacIIoI0KEHHbIE HUXKE BEPXHET0 KOHIIa 0O00PBAHHBIX TPYO.

HeckBo3HOW KOJIOKON TpeAHa3HA4eH JUIsl 3axBaTa OOOPBAaHHBIX TPYO 3a HAPYKHYIO
IIOBEPXHOCTb.

CKBO3HOI KOJIOKON 3axBaThIBAeT KOJIOHHY OOOpBaHHBIX TpyO 3a 3aMOK wWiH MyQTYy,
PAacIIoI0KEHHbIE HUXKE BEPXHET0 KOHIIA 0O00PBAHHBIX TPYO.

HRRAUAEOY B09c0q

naakuii

TpyOosoBkH

[IpennasHaueHsl Ui M3BJICUEHUS pa3IMYHBIX 00OpBaHHBIX TpyO (Oypmibhbeix, YBT, HKT,
BEJYLINX) U IPyroro MHCTPYMEHTA, UMEIOLIET0 IIIINHIPUYECKYIO GOpMY.

KoHcTpyKInsi HEKOTOPBIX TPYOOJIOBOK MO3BOJISET MPOU3BOANTE 3aXBaT TPYO 3HAYUTEIHHO HIKE
aucta o0peiBa (YyHUBEpCAIbHbBIE TPYOOIOBKH).



MepeBoaHuUkK MepeBoaHuk

Mexanunuam
ocBoOGOoOXXaOeHuns

Kopnyc

Mnawkoanepxarens

Mnawkn

OBepmor
[Ipocrefimmii 0cBOO0KTAIONTUICS JIOBUIBHBI HHCTPYMEHT, Y KOTOPOTO paboYHii OpraH 3axBaTa
B OTJIMYHE OT PACCMOTPEHHBIX MHCTPYMEHTOB IJIAIIEYHOT0 U PE3bOOBOT0 BUAOB MIPEICTABISIET
CHUCTEMY MPYKUH WIH IUIALIEK
MepeBoaHuk
Makep Tana A

CnupanbHbIi

Kopnyc 3axgar

LlaHroBbin
3axBar

Hanpasnsiowas
CNUpanLHoro
3axBata

'Hanpasnsowasn
LI@aHroBoOro
3axBara

BopoHka

Dpesepbl
Ha3nayenue
®pe3epoBaHre METANIMYECKUX MPEAMETOB Ha 3a00€ CKBAKHHBI.
®peszepoBaHre BepXHEl yacTH 0OOpPBAaHHBIX TPYO ISl OOJIETYEHUS 3aXBaTa JOBUIBHBIM
WHCTPYMEHTOM.
®dpe3epoBaHUE CMATHIX KOJIOHH 00CATHBIX TPYO.



1-Topuesoii ¢ppe3, 2- Maruuthsiii ¢ppes, 3 — KonycHsiit

IIpakTuyeckast yacthb (Pemenune cHTyanmoHHbIX 3a124)
I'pynna genurbcest Ha Gpuraasl no 2-3 yejioBeka

Bapuant 1. OGocHyiiTe BBIOOD JIOBUJIBHOTO HHCTPYMEHTA MPH CIEAYOmuUX ycioBusax: Kononna
BT ne npuxBauena, miuHa ocraBmedics B ckBakuHe BT 385 M (cxema BbIOpaHHOTO
WHCTPYMEHTa 00s13aTeNbHAa).
Bapuant 2. OOGocHyliTe BBIOOp JOBHIBHOTO WHCTPYMEHTa TPH CISAYIOIUX yciaoBHsx: Ha
ryoune 2000M mpou3zomien OpUXBAaT OYpPHIIBHONM KOJOHHBL, TPYObl HE HCKPUBIECHBI,
NpUMEHEHHE XHUIKOCTHBIX BaHH HE JAlI0 PEe3yJbTaTOB, NMpEAJOXKHUTE Bamie pemieHne TaHHON
aBapHUiHON CUTYyaIuu. (CXeMa BHIOpaHHOTO MHCTPYMEHTA 00s13aTeNbHA).
Bapuant 3. O0ocHyiiTe BBIOOp JIOBMJIBHOTO MHCTPYMEHTA MU CIEAyronmnx yciaoBusax: Konen
OCTaBILUXCS B CKBOKHUHE OYPHIBHBIX TPYO B pe3yibTaTe ClIOMa OKa3ajics HEPOBHBIM, HMEIOTCS
MIPOJIOJIbHBIC TPEIIMHBI B TpyOe. (CXemMa BRIOpaHHOTO MHCTPYMEHTa 00s13aTeIbHa).
Bapuant 4 . O0ocHyiiTe BBIOODP JOBHIBHOTO MHCTPYMEHTA MPH CIEAYIOUINX YCIoBHsIX: OOphIB
TpyObl TIPOM30IIEN B 3aMKe, KOJIOHHA HE NpUXBaueHa, JJIMHA OCTAaBIIEHCS B CKBaXHHE
OypuibHOM KoJOHHBI 800M. (cxema BRIOpaHHOTO HHCTPYMEHTA 0053aTeNIbHA).
Bapuant 5. OOocHyiiTe BBIOOp JIOBHJIBHOIO MHCTPYMEHTa IPH CIEAYIOIIMX YCJIOBUSX:
[Tpousomien oOpsIB 00ca HOM KOJOHHBI B pe3b00BOM COEIMHEHHUHM ( CPHIB HE B HUIIIEIH 3aMKa),
JuinHa 060pBaHHOM TpyOb! 10,5 METpOB. (cXeMa BHIOPAaHHOI'O HHCTPYMEHTA 00s13aTeNbHa).
Bapuaunrt 6. O6ocHyliTe BBIOOp JIOBUILHOTO MHCTPYMEHTA TP CIEAYIOMMX ycIoBusax: Macca
OCTaBIIEHCS B CKBaKMHE OypuiibHOW TpyObl He npeBbiaer 0,1 kH, npu npumeHeHnn metunka
KOJIOHHA CTaJla TPOBOpPAYMBATHCA. (CXeMa BRIOPAaHHOTO HHCTPYMEHTA 00s13aTeNbHA).
Bapuant 7. Kakoil ¢pe3 HeoOXoIuMO NPUMEHUTHh AJIs yHaleHus ¢ 3a00s1 OCTaBIIMXCS B
CKBOXMHE OT JI0JIOTA METAIUTMYECKHMX vacTed (wyacteil mapomek). ObocHyiite Bamr BbIOOp
(cxema BBIOpaHHOTO MHCTPYMEHTA 00s3aTeNIbHA).



IIpakTuyeckasi padbora Ne 12
2 yaca

PACUYET MPO®UJISI HAKJIOHHO -HAITPABJIEHHOM
1. I]env pabomwi

Hayuuthcs paccuuThiBaTh IpOoGUIb HAKIOHHONW CKBaYKUHBI
2.00ecneynBaKOIIMe CPeICTBA
2.1. Kanbkynstop
2.2.MeToauyeckue yKazaHus
3. TeopeTuyeckas 4acTh

CKkBaXXuHBI, B KOTOpBIX 3a00il HMMeEeT ONpelesieHHOE OTKJIOHEHUE OT
BEPTUKAJIM, a CTBOJ MPOBOJUTCA IO 3apaHee 3aJaHHOW KPUBOM, Ha3bIBAIOTCSA
HAKJIOHHO-HAINPAaBJICHHBIMHU.

HakiioHHO HampaBlieHHbIE CKBaXXHHBI CJeAyeT OYypUTh C MUHUMAaIbHBIMU
3aTpaTaMM BpeMEHH U cpenctB. [IpoekT Ha CTPOUTENHCTBO HAKJIOHHO-
HaIllpaBJIC€HHOW  CKBAXXMHBI  JOJDKEH  BKJIIOYAaTh: OOOCHOBaHHME  BBIOOpa
KoH(purypauuu mnpoduis, pacueT U MOCTPOEHUE MNpOPUIIsL, OIpeaAesieHne
JOMTYCTHUMBIX OTKJIOHEHHI CTBOJIA OT MpoekTa. [Ipoduinb HaKIIOHHO-HATTPABIEHHOM
CKBKUHBI JIOJDKEH YJIOBJIETBOPSATH CKOPOCTHOMY M Kaue€CTBEHHOMY OypeHWUIO,
UMETh MHUHUMAJIbHOE YHCIO W3THOOB, OBITh TEXHUYECKH BBIMOIHUMBIM U
YKOHOMHUYECKH 1IeJIeCO00pa3HBIM.

[Ipodunu ObIBalOT IBYX THMOB: OOBIYHBIE U MpOCTpaHCcTBeHHBIE. [Ipodumu
OOBIYHOTO THUIIA MPEACTABIIAIOT COO0N KPUBYIO JMHHIO, PACHIOJIOKEHHYIO B OJHOMN
BEPTUKAIBHON IUIOCKOCTH; MPO(UIN MPOCTPAHCTBEHHOIO THIIA MPEACTABISIOT
c000i1 MPOCTPAHCTBEHHYIO KPUBYIO JINHUIO.

TUIbBI TPO®PUJIEA HAKJIOHHO-HAIIPABJIEHHBIX CKBAKHUH
N PEKOMEHJAIIMUA 11O UX TIPUMEHEHHWIO

[Ipodunp Tuma A COCTOUT U3 TPEX Y4YaCTKOB: BEPTHKAIbHOrO 1, ydacTka
HaOopa yrila HakJIoOHa CTBOJIAa 2 W TPSIMOJMHEWHOTO HAKJIOHHOTO ydYacTka 3.
[Ipodunp 3TOrO0 THMA PEKOMEHAYETCS MPUMEHATHh MpU OYpPEHHH HETITyOOKHX
CKBOXXMH Ha OJIHOIUIACTOBBIE MECTOPOXKICHUS, €CIHM Mperoiaraetcs O0JbIIoe
cMmenieHre 3a00s. OH TO3BOJISIET OTPAHUYUTH JI0 MUHUMyMa BpeMs paboOThI C
OTKJIOHWUTEJIEM, TIOJYYUTh HAWOONbIIEe OTKIOHCHHE OT BEPTUKAIHA TPHU
HaUMEHBIIEM yIJ€ HaKJIOHa CTBOJA, OKCIUIyaTUPOBAaTh CKBAXUHBI  0e3
3aTPYAHEHHU.

[Ipopune THma b  ornmyaercs or mpodwmis Thuma A TeM, YTO BMECTO
NPSIMOJIMHEHOTO  HAKJIOHHOTO YYacTKa MMEETCS YYacTOK eCTECTBEHHOTO
CHWKEeHUs yria HakioHa 3. [Ipodunb 3TOro Tuma peKOMEHIYETCS MPHUMCHSTH B
palioHax, TJie €CTECTBEHHOE CHMIKEHHUE yTJla HAKJIOHA HEBEJIMKO, W JJI OOJBIIIX
rIIyOWH CKBa)KWH, KOTJa CTa0WIM3alvs yIyia HakjIoHa 3arpyaHeHa. OH TpeOyer
HaOopa 3HAYMUTENLHO OOJIBIIEro yrjia HAKJIOHA CTBOJIA, JJIMHA BTOPOTO Y4YacTKa



(Habopa KpuBH3HBI) OyaeT Ooibllle, a 3HAUYUT YBEJIUYUTCS BpeMsi paboOThI C
OTKJIOHUTEJIEM.

[Ipoune Tuma B cocrouT M3 NATH y4acTKOB: BEPTHKAJIBHOTO 1, ydacTka
Habopa yria HaKJIOHa CTBOJIA 2, IPSIMOJIMHEMHOI0 HAaKJIOHHOTO yJacTKa 3, yyacTka
CHIDKCHMS YIUIa HakJIoHa 4 M BepTUKaIbHOIO 5. Ero pexomeHayercs NpUMEHSTh
OpU MPOXOJKE INIyOOKUX CKBaXUH, TPEOYIOIIMX MEpPEeCceUeHUs] CTBOJIOM
HECKOJIbKMX MPOAYKTUBHBIX TOPU30HTOB. JTO HanboJiee CIOKHBIN MPOPHUIIb.

[Mpoduns Tuna I' otnuuaercs ot npoduia B tem, uto B HeM ydacTku 3 u 4
3aMEHEHbl Y4aCTKOM  CaMOIIPOM3BOJIBHOTO IIaJCHHs yrjga HakjlIoHa 3.
Pekomenayercss mnpuMeHATh Npu OypeHMH TJIyOOKMX CKBaXHH, B KOTOPBIX
BO3MOYKHBI OTKJIOHEHUSI B HUYKHEN YaCTH CTBOJIA CKBAKHHBI.

[Ipoduns Tuna J[ cocTtout U3 BEpTUKAILHOTO y4yacTka | M yuyacTka Habopa
yria HakinoHa ctBojia 2. Ilpodune xapakrepusyercs OOJbLION UIMHON BTOPOTO
yyacTka. PexomeHnyeTcss ero mnpuUMEHSATh, €CIM HeoOXOJUMO BbLIEPXKATb
3aJlaHHBIE YIJIbl BXOJIA B IUIACT M BCKPBITh HEOOBIIYIO TOIIIMHY IJIACTa.

Tuns! npoduneit

BBIEOP, PACUET U IOCTPOEHUE MMPO®UJIEN OBBIYHOT'O THUTIA

Jlns pacuera mo60ro mpoduias HEOOXOAUMO MMETh CIEAYIOIIUE JaHHBIE:
rITyOMHY CKBaKWHBI TI0 BEPTUKAIHU, OTKJIOHEHHE 3a00sI CKBaXKMHBI OT BEPTUKAIIH,
JUTMHY TIEPBOTO BEPTUKAJIBLHOTO y4acTKa, a3UMYT HaKJIOHHOTO CTBOJIA.



Pacyer mpoduiis cBOOUTCS K ONPEIEICHUI0O MAaKCUMAIbHOTO yria HakjIOHa
CTBOJIa, BEPTUKAJIbHBIX UM TOPU3OHTAIBHBIX Mpoekiui npodumns. HeoOxonumbie
pacueTHbie (POPMYIIBI PUBEICHBI B TAOJIHUIIE.

JIHa MepBOro BEPTUKAIBHOTO Y4acTKa JIOJbKHA ObITh He MeHee 40 — 50 M,
OKOHYAHHUE €ro CJeayeT IO BO3MOXKHOCTH MPUYPOUYHUTh K IUIACTaM CpEIHE

KPEMNoCTH, TJe 3a OJIUH PEiC 1070Ta MOKHO HaOpaTh yrojl HaKkjoHa 5 — 6°.
C 1enblo PKOHOMHUH 3aTpaT BPEMEHH Ha OPUEHTHUPOBAHHBIM CIYCK MHCTPYMEHTA
JUTHHA TIEPBOTO BEPTHKAILHOTO y4acTKa s mpoduieit tuma A — [ qomkHa OBITH
MUHUMAJIBbHOH, a /i ipoduis tuna /| — MakcuMaabHOM.

Ecnu Hayano WCKpUBIEHHS CTBOJA MOYKHO MPUYPOUYUTh K TOpPOJAAM,
CJIararollliM pa3pe3 CKBaKMHBI cpa3y Mocie danmmaka KOHAYKTOpa, TO 3TO Ha4aylo
HEOOXOJMMO MPEAYCMOTPETh 4Yepe3 MHTEPBaJ, PaBHBIA BEIMYMHE MPOXOAKU Ha
JIOJIOTO TIOCITIE CITyCKa KOHIYKTOpa (4TOOBI HE TMOBPEIUTH OalmMak KOHIYKTOpa
pu paboTe ¢ OTKIIOHUTEIIEM).

Benuuuny pacueTHOro paauyca HCKPHUBJICHHS HEOOXOJMMO CPaBHUTH C
BEJINYMHOW MUHUMAJIbHO BO3MOKHOTO PaJInyCca UCKPUBIICHUS.

BoiOpannbsiii paguyc MCKpHUBJICHHUS HeoOxoaumo npuHuMath Ha 5 — 10 %
OOJIBIIIE €r0 TEOPETUUECKOM BEIMUUHBI, TaK KaK (haKTUUECKUN MHTEpBa PabOThI C
OTKJIOHUTEJIEM YBEIMYMBACTCS M3-32 HETOYHOCTH YCTAHOBKHU OTKIIOHUTENS MPHU
3ape3Ke HAKJIIOHHOTO Y4acTKa CTBOJA M MPHU MOCIEAYIOIUX percax J0JI0Ta. YToi
HAKJIOHA CTBOJIa Ha MPSIMOJIMHEMHOM HAKJIOHHOM YYacTKE BCerja JOJHKEH ObITh
oonee 10 - 12°.

B npoduiax tuna B MuHHMMalibHAsl AJIMHA BTOPOTO BEPTUKAIBHOIO YyYacTKa
(msiTOoro Mo TMOPSAKY) JOJDKHA OBITh PAaBHOM PACCTOSHUIO MEXKIY KpOBJEH
BEPXHET0 W IMOJOLIBOM HUXHEro MPOAYKTUBHBIX TOPU30HTOB (E€CIH CTBOJIOM
MPEANojaraeTcss BCKPbITh HECKOJbKO IUIACTOB). J[IMHY 3TOro ywactka cieayer
yBenuuuTh npumepHo Ha 5 — 10 % OT MUHHMMAaNbHOHM, y4YWUTHIBas, 4YTO Haj
HAXOJIUTCS Y9ACTOK, Ie padoThl OyIyT MPOBOJUTCS C OTKJIOHUTETIEM U BO3MOKHBI
OIIMOKM KaK MO a3UMYTY, TaKU IO yIJTy HAaKJIOHA CTBOJIA.

Ilopsaoox npoekmuposanusn npogui:

1) neranbHO U3y4aeM JaHHBIE TI0O paHee NPOOYPEHHBIM CKBaKUHAM,
YCTAaHABJIMBAE€M 3aKOHOMEPHOCTH HCKPHUBIICHUSI CTBOJIOB, M3MEHEHHE a3UMYTa,
BIIUSIHUE PA3IUYHBIX (PAKTOPOB HA U3MEHEHUE yTila U a3UMyTa UCKPUBJICHHUS;

2) ¢ IOMOIIBIO CTPYKTYPHOM KapThl, HA KOTOPOU HAHECEHO MOJIOKEHUE YCThs
U 320051 MPOEKTUPYEMOW CKBaXXKMHBI, ONPEAEIISIEM UCXOIHbIE TaHHbIE JJIsl pacyeTra
npouiis: BEPTUKAIbHYIO M TOPU3OHTAIBHYIO MPOEKUHUU CTBOJA M a3UMYT
WUCKPUBJICHUS,

3) B COOTBETCTBHUU C YCIOBHUSAMU MPOXOJKH BEIOUpaEM TUI TPODUIIS;

4) ycTaHaBIMBaEM JJIMHY BEPTUKAIbHBIX YYaCTKOB (OJHOTO — Il Ipoduiieit
tunia A, b, I', ]l u nByx — juist mpodunst tuna B);

5) BbIOMpaeM KOMIIOHOBKY HH3a OypWUIBHON KOJIOHHBI M OIpeaessieM
WHTEHCUBHOCTh U3MEHEHHUS YTJIa UCKPUBJICHUS (MJIM HA000POT);

6) 1O BEJIMYMHE MHTEHCUBHOCTU M3MEHEHHS yria UCKPUBIIECHUS ONpEeesieM
paguychl U CpPaBHHBAEM MX C MUHUMAJIbHO JOMYCTHUMBIMU; TEMI CHHKECHUS yTJia
WCKPUBJIEHUS PUHUMAEM T10 JAHHBIM MTPAKTUKH;



7) ompenensieM MaKCUMAJIbHBIN Yrol HAKIIOHA CTBOJIA CKBKUHBI U MTPOEKITUH
BCE YYaCTKOB CTBOJIa HA TOPU3OHTAILHYIO 1 BEPTUKAIBHYIO IIOCKOCTU. Eciu yron
WCKPUBJICHHUS CTBOJIA 3aJlaH, TO OMpEAeIisieM 3HA4YCHHs paJnyca WCKPHUBICHUS U
WHTCHCUBHOCTH YTJIa UCKPUBJICHHS,

8) Ha OCHOBAaHUM PACUYETHBIX JAHHBIX CTPOUM IMPOCKTHHIA MPOPMIH CTBOJIA
CKB)KUHBI.

[Io okoHyanwm pacdera Npoduis Ha MUJUIUMETPOBOH OyMare CTpOWM
TOPH30HTAIBHYI0O M BEPTUKAJIBHYIO MPOEKIUU B MAaCIITa0ax: TOPH30HTAIHHYIO
npoekiuio — 1:200, 1:400 wim 1:500; BeprukanbHyro npoekuuto — 1:1000 nnm
1:2000.

['opu30oHTaNBHYIO TPOEKIMI0 CTPOUM CIEAYIOIMMM 00pa3oM: BBIOMpaeM
TOYKY, KOTOpasi OyJeT SBISATHCS YCTheM CKBAKHHBI M Yepe3 Hee B HAIPABICHUH
3aJJaHHOTO a3MMyTa MPOBOJIUM IPSIMYIO JIMHUIO M OT BBIOPAaHHOW TOYKH Ha HEU
OTKJIaJIbIBa€M B COOTBETCTBYIOIIEM MAacIITa0e OTPE30K, PABHBIN JJIMHE CMEIICHISI
3a00s1 0T BepTuKaiau. M3 KoHIIa OTpe3Ka paJnycoM TOTO k€ MacimTada MpOBOAUM
OKPY>KHOCTh, OTPAaHWYMBAIOIIYIO JOMYCK Ha OTKJIOHEHHE 3a00si OT 3aJaHHOTO
NOJIOXKEeHHs. M3 TOYKM, MPUHATOW 3a yCThE CKBAKUHBI, NMPOBOAUM [IBE JIMHHH,
KacaTeJbHbIE K OKPY>KHOCTH.

BepTukanpHyl0 MPOEKLIUI0 CTPOMM HAa TOM K€ JIHCTE MHUITMMETPOBOM

oymaru. [IpoBoguMm ocu koopauHat. Ha BepTUKaIbHON OCH OT Havajla KOOpAUHAT
BHM3 B MaclITade OTKJIaJIbIBAEM OTPE30K, PaBHbIN IITyOMHE HAKJIOHHON CKBa)KUHBI
1o Beptukain. Ha 3TomM 0Tpe3ke HAaHOCHMM KOHEYHBIE TOUYKH OTAECIBHBIX YYACTKOB
npodus, a 3aTe€M TOUYKU COCIUHIEM: Ha MPSAMOJUHEHMHBIX Y4acTKaxX — IO MPSIMOM,
HAa YYaCTKax MCKPUBJIEHUA — I10 yI'€ PaJuyCOM, OIIPEIAECIISIEM PACUECTOM.



Tun npoduis

DnemMeHTbI PO A (puc. 12, a) b (puc.12, 6)
JnvnHa, M l'opuszonTansHas | BeptukanbhHa JnvnHa, M ['opuszonTanbHas | BepTukanbHas
POCKIUS S IPOEKIUS MPOCKLIUS MPOCKLIUS
MaxkcumanbHbIN A-R
a=90-(y-p),  p=arcty -
yToJ1 HaKJIOHA H-H;
CrRoT A-R)*+H:+R/(R, +R
- +HZ+ +
7=aI’CCOS£( ) P i ( 0 2)
Re/(A=R;)? +HZ
o — arccos RR=A) +HAH? + A7 - 2AR
(R-A?+H? rine R,=R +R,; H,=H-H;g
[TepBeb1it I, =H, - H, |, =H, - H,
BEPTHUKAJIbHBIN
y4acTOK
Vuactok HaGopa |, =0,01745R«x a=R(-cosa) h=Rsina I, =0,01745 R, a=R,(1-cosa) h=R,;sina
yTIJla HaKJIOHA CTBOJIA




[TpsamonnHeHbIi l, =H"/cosa A =H'tga H =H,-(H, - - )
HAKJIOHHBIN y4aCTOK +h)

- - - I, =0,01745R, ¢ a, =R, (cosa"- H, =R,(Sina—
Y4acToK CHUKECHUSA —cosa) _sina")
yIJia HaKJIOHa
JlnnHa cTBOJIA O L=I,+1,+I, A=a+ A H,=Hg + L=I +1,+1, A=a+a H,=H, +
npoduIII0 +h+h +h+H,
MaxkcumanbHbIN
yroJI HaKJIOHA RoH (R, —A)JH? _A_(2R, - A)

« = arcsin :
CTBOJIA (H? +R2)-A(2R, - A)

« =arccos(l—
¢ R, + Rz)
R,=R+R,; H=H,-Hy;-H,




HCpBBIP'I Il:HB - HB Il:HB = HB
BEPTUKAJIbHBIN
y4aCTOK
Vaactok Habopa I, =0,01745 R, a, =R, (1-cosa) h=R;sina I, =0,01745 R, a, =R, (1-cosax) h=R;sina
yIJla HaKJIOHa CTBOJIA
H =H,—H, -
o o Hy — (Rl + Rz)
[IpssMonMHEHBIN l; =H,/cosa a, = Hitga sing - - -
HAKJIOHHBIA Y4aCTOK
Y4acToKk CHUKEHUS I, =0,01745R,ar | a, =R,(1—cose) H,=R,sina I, =0,01745 R, a, =R,(l-cosa) H, =R;sina
yIJla HaKJIOHa
Bropoii Ly =H—H, -
. h—H,-h
BEPTHUKAJIbHBIN I, =H, - H, voe - hy =1,

y4acTOK




JlmmHa cTBOJIA O
po IO

MaxkcumasibHbIN
yroJl HaKJIOHa
CTBOJIA

IlepBoIii
BEPTHUKAJIbHBIN
Y4aCTOK

VYuyacrok Habopa

yI'jla HAaKJIOHA CTBOJIa

JlnrHa cTBOMNA 1O
npoduITto

L=l +1,+1;+ A=a, +a, +a, H,=Hy+h+ L=l +1,+1,+ A=a, +a, H=H,+h+
+1, +1; H,+H, +H, +1, H, +hg
I (puc. 12, 1)
a =arccos(l— A/R)
I, =H;, - H,
I, =0,01745 R A=R(l-cosa) h=Rsina
L=1+1, A Hy=H,+h




Ilpumepwt pacuema npogpuneii paznozo muna
Ilpumep 1 BriOparb, paccuuTatb W TOOCTPUTH MNPOGUIL HAKIOHHO-
HaIpaBJICHHOW pa3BeIOYHOW CKBAKMHBI MPHU CJIEAYIOLUIUX YCIOBHSIX: CKBa)KHMHA
JIOJDKHA BCKPBITh OJMH TPOJYKTUBHBIA TOPU30HT, €CTECTBEHHOE HCKPHUBIICHUE
CTBOJIa He3HauUMUTeNbHOE. KOHCTPYKIIMS CKBa>KUHBI.

Turn KoIOHHBI Hnametp ['my6una
KOJIOHHBI, M | CIIyCKa, M
Hamnpapnenue 324 5
Konnyktop 245 250
DKcIuTyaTalioHHasi KOJIOHHA 146 1800

B cBsi3u ¢ Tem, 4TO CKBa)XMHA MpeIHA3HAuY€HA JUIsl BCKPBITUS OJHOTO
MPOJYKTUBHOIO TUIaCTa W YIUIBI TMAaJEHUs IUIACTOB HEOOJIbIINE, MPUHUMAEM
npoduiib Thma A .

OnpenenseM UCXOIHBIE NAHHbBIE Il pacyera. A3WMyT HCKPHUBJIEHHUS CTBOJIA U
JUIMHY NPOEKIMH CTBOJIa HA TOPU3OHTAJIBHYIO IJIOCKOCTh HAa CTPYKTYPHOW KapTe
MECTOPOXKACHUSI A3UMYT MOXKET ObITh H3MEpPEH IMpU MOMOIIM TpPaHCHIOPTHpa
HENOCPEACTBEHHO Ha Kapte. Ilpu 3ToM HeoOXoauMo ydecTh NONpaBKy Ha
HaIlpaBJ€HUE, PaBHYIO alreOpanveckod cymMme yria CONMKEHUsS MEPUJIMaHOB U
CKJIOHEHHSI MAarHUTHOM cTpenku. B naHHoMm ciywdae ¢ = 150°. [Inuna npoekuuun

CTBOJIa Ha TOPHU3OHTAJIBbHYIO INNIOCKOCTh paBHa PACCTOAHHUIO MCXKAY IOJIOKCHUCM



yCThsl U 320051 CKBaXXHHBI, U3MEPEHHYIO B MacIITade KapThl, U B HAILIEM ciiyyae A
=500 m.

JUIMHY  NepBOro  BEPTUKAIbHOIO  ydacTKa BBIOMpaeM, UCXOAS U3
re0JIOrMYECKOr0 pa3pe3a MECTOPOK/ICHUS; OKOHYAHUE JKEIaTeIbHO PUYpPOUYNBATh
K IulacTaM cpeiHed kpenoctH. IlpakTuuecku H, NpUHMMAETCS pPaBHOM IIyOWHE
CIIyCKa KOHAYKTOpPA IUIIOC BEIMYHMHA MPOXOAKM Ha JOJOTO B 3TOM HHTEpBAJeE,
yTOOBI HE MOBPEANUTH OallIMaK KOHAYKTOpa IpHU padoTe ¢ OTKJIOHUTENEM. B Hamem
cinydae H,=250+50=300 m.

OOmass ryOMHa CKBaXHHBI [0 BEPTUKAIN ONPEHENAETCS Kak cyMmma
AJIbTUTY]Ibl YCThSI CKBaKUHBI, OTMETKH KPOBJIM IPOAYKTUBHOTO TOPU30HTA B TOUKE
€ro BCKPBITHS, MOIIHOCTH IUIacTa U INIyOUHBI 3ymnda (10 BEpTUKAIM), B HALLEM
ciydae H,= 1700 m.

OmnpenenseM paanyc UCKPUBICHUS CTBOJIA CKBKHUHBI. J1j11 HAbopa KpUBU3HBI
MPUHUMAEM CJICIYIONIYI0O KOMIIOHOBKY: A0JI0TO auamerpoM 190,5 mm, Typ60oOyp
T12M3-170, xpuBoil nepeBogHuK ¢ yriaom uszruda 2° m YBT nuamerpom 146 wm.
Takasi KOMIOHOBKa OOECIeUYMBAET WHTEHCHUBHOCTH HalOoOpa yria HCKPHUBJICHUS
1°20” Ha 10 M mpoxoaku.

Torna

R = (57,3/ Aax, )10,
rie Acq,, - YHTEHCUBHOCTh HaO0Opa KpuBU3HBI Ha 10 M IPOXOJKH.

R =(57,3/1,33)10 = 430 M.

BBuay yBenuuenus (pakTUUECKOTO MHTEpBajia padOThl C OTKIOHUTENIEM H3-3a
HETOYHOCTH €ro yCTAaHOBKHM PACCUYMTAHHBIN paJinyC UCKPUBIICHUS TPUHUMAETCS Ha
5 — 10 % Oonpmie ero TeopeTudeckor BeauuyuHbl, T.e. R = 480 M. DToT paamyc
JOJKEH OBITH 0OJIbIIIE MUHUMABLHOTO.

MuHMManbHO BO3MOKHBIM PaJlyC UCKPUBIICHUS CTBOJIA, B KOTOPBIM MOYKHO
NpOMyCTUTh TypOOOyp, MNpU JOUAMETpPE CTBOJA, PAaBHOM JHAMETPYy J0JI0Ta,
pPacCUMTHIBAIOT MO (hopmyJie

R 16712
"Dy —dr —k+
rae |- anmHa TypO6oOypa ¢ moi0TOM, M; D, - AWAMETp 0JI0Ta, MM; d -
nuameTp Typ6oOypa, MMm; k - MUHUMAJIBHBIA 3a30p MEXKIY KOpIycoM TypOoOypa u
CTEHKOW CKBa)kuHBI, MM (k = 5+8 mm); T — crpena mporuda typ6o0ypa, Mm
f =0413-10"q,12/El,
rae g, - macca 1 cMm Typ60oOypa, kr; E — momyns FOnra, H/cm?; 1, - MOMeHT

WHEPIMH MTOTIEPEYHOro ceueHus Typoodypa, cm *
I, =0,049d; =0,049-17* =4092,5 cM*;

2
f=013.10" 28 _145 yu
21107 - 4120
2
167 8,75 w55

™ T 190 5-170 -6+14.2



Takum obpasom, R >R, (480 > 445,5),
dakTruvecKasi HHTCHCUBHOCTh HaOOpa KPUBU3HBI

Aoy =310 1997,
480

HaXOILI/IM MaKCHUMAaJIbHBIN YT0JI HaKJIOHAa CTBOJIa

R(R—A)+H-/H? +A? —2AR
COSa = 5 3 ,
(R-A)?+H
rie R — paanyc WCKpuBJIeHHS HaOopa KpHBH3HBI, M; A — cMelleHHe 32005 10
BCPTUKAJIN, M, H- IMPOCKIHNHU BTOPOI'O U TPCTHCT'O YHACTKOB CTBOJIa HAa BCPTHUKAJIb,

M

oS — 480 (480 —500) +1400 \/1400 ? +500% —2-480 -500
(480 —500)? +1400

OmnpenensieM NPOEKIUIO y4acTKa Habopa KPUBU3HBI:

HA TOPU30HTAJIBHYIO TNIOCKOCTh

a=R(1—cosa) = 480(1-0,934) = 31,7 Mm;

Ha BEPTUKAJIBHYIO IJIOCKOCTh

h=Rsina =480-0,358 =172 M.

OnpenensieM NOPOEKUUIO NPSMOJIMHEHHOIO HAKJIOHHOTO y4acTKa Ha
BEPTUKAIBHYIO MIIOCKOCTh

H'=H, —(H, +h) =1700 — (300 +172) =1228 M.

PaccuuThiBaeM iMHY yyacTka HaOOpa KPUBU3HBI

|, =0,01745 Rer = 0,01745 -480 - 21 =176 M.

Haxonum nimHy npsMOJIMHEMHOTO HAKJIOHHOTO Y4acTKa

I, =H'/cosar =1228 /0,934 =1315 M.

OmnpenensieM TOPU3OHTAIBHYIO MPOCKIHUIO MPSAMOJMHEWHOTO HAKJIOHHOTO
y4acTKa

A'=H'tga =1228 - 0,384 =470 M.

CymMmaphas (pakTudeckas JyIMHa OTKIIOHEHUSI COCTaBUT

A, =a+ A'=317+470 =501,7 M.

Haxonnm morpenrtHocTs B ONPEAEICHUH YTIiia HAKIIOHA

Ac = arctg A=A) o5q = arctg L7-0934 _ 5
1315

|3
[TorpemHoCcTh HAaXOJUTCS B npenenax — TOYHOCTH U3MEpPEHUI
VHKJIMHOMETPAMHU; 3HAUYUT, PACUYET CAECIIaH MPABUIIBHO.
OmnpenenseM JJIMHY CTBOJA 1O TPO(IITIO
L=I, +I,+1; =300 +176 +1315 =1791 m.

= 0,934;

Ilpumep 2 Paccuutarb U MNOCTPOUTH MNpoguib TuUna A a1 OypeHus
HAKJIOHHOM CKBaXKMHBI TIIyOnHOU (o BepTukanu) 2100 M 1 co cMenieHueM 3a00s
300 m. MuTencuBHOCTh Habopa KpuBU3HBI HAa 100 M mpoxoaku cocrasiser 12°



MaKCHUMAJIbHBIA YTOJ HaKJIOHA CKBaKUHBI 25°. J[mMHA mepBOro BEepPTUKAIBLHOTO
y4acTKa HE OrpaHMYMBaeTCs . MeToauka pacuera ynpoleHa.

Pewenue. Onpenensiem JIMHY y4yacTka Habopa yrja HakJIOHa CTBOJA IO
bopmyie

1, =" %nta00,

22T

rae o,- yrojl HaKJIOHa CTBOJIa B KOHIEC Y4YaCTKa, I'padyChl; « - YIroJI HaKJIOHa

n-1
CTBOJIa B HayaJle y4yacTKa, IpaaycChl; Aq,,, - UHTEHCUBHOCTh HaOOpa KPUBHU3HBI Ha
100 M npoxoaKu, TpaIycCHhl.

Torna

|, = (25/12)-100 = 208 M.

PaccunThiBaeM BepTUKAIBLHYIO TTPOCKITUIO ydacTKa Habopa KPUBU3HBI
l,sine  208sin25°  208-0,4230, _
., T 001745.25
180 180

Haxomum OTKIIOHEHHE CTBOJIa CKBOKWHBI Ha ydacTKe Habopa KPHUBU3HBI
(TOPUBOHTANIbHYIO MPOEKIIUIO)

a=htger /2 =202tg12°30'= 202 - 0,2217 = 44,7 M.

OmnpenenseM paanyc UCKPUBICHUS CKBAKUHBI

R=h/sina=202/sin25" =202/0,423 = 477 M.

BoluucisieM TOpU3OHTAIbHYIO MPOEKIMI0 MPSIMOJIMHEUHOIO HAKJIOHHOTO

ydacTka

h= 202 M

A'=300 —a =300 —44,7 = 255,3M.
OnpenernseM JUIMHY HaKJIOHHOTO IPSMOJIMHENHOTO y4acTKa

I, = A'/sina = 255,3/0,423 = 603 M.
PaccunuTbiBaeM BEPTUKAIbHYI) MPOEKLHIO MPAMOIMHEHHOIO HAKJIOHHOIO

yJacTka
H'= A/tga = 255,3/t925° = 255,3/ 0,466 = 545 M.
JUIMHA 1epBOro BEPTUKAIBHOIO y4acTKa
l, =H, —(h+H")=2100 — (202 +545) =1353 M.
Torna niavHa CKBaXXMHBI 110 TPODUITIO
L=1 +1, +1;, =1353 + 208 + 603 = 2164 M.

Ilpumep 3. Paccuurarb u noctpouth npoduis tuna b , ecnu BepTUKaIbHAs
MPOEKIMs CTBOJa CKBaXuUHBbI 1350 M, ropusoHTabHAs npoekuus 420 M, qauHa
NIEPBOT0 BEPTUKAIBHOr0 yyactka 200 M, a3uMyT HakJIoHHOTO cTBoJia 100°.

Pewenue. JIns OypeHus CKBaXMHBI MPUMEHSIOT CIEAYIOU[YI0 KOMIIOHOBKY:
noyioto auametpoM 2445 mm, TypO60o0yp T12M3-215, kpuBOil TEpPEeBOIHUK C
yramom wm3ruba 1°30° u YBT nguamerpom 178 wmwm. JlaHHas KOMIIOHOBKA
oOecrieunBaeT MHTEHCUBHOCTh HabOopa yria HakioHa 1°10° (1,166°) wa 10 M
MPOXOJIKH.

Torga paguyc MCKpUBJIEHHS Y4YacTKa HaOOpa KPUBHU3HBI OIpPEAENSIeTCs IO

bopmyne



R, = (57,3/ Ac, )10,
rie Aa,, - THTEHCUBHOCTb Ha0opa yrijia HakjaoHa Ha 10 M MpoxXoJIKH, IpagycChl

R, =57,3-10/1,166) = 490 M.

Pannyc wuckpuBieHus yBenuuuBaeM Ha S5 %, Tak Kak yBEIUYUBACTCS
(dhakTHyecKuil UHTEpBal PabOTHl C OTKJIOHUTEIEM H3-3a HETOYHOCTH YCTAaHOBKHU
OTKJIOHUTENS, T.€. R, =515 M.

DTOT paauyc JOHKEH OBITh 0OJIbIIIE MUHUMAJIBHOTO, KOTOPBIH OMpeaesIeTCs
o dhopmyiie
16717

"™ D, -d-R+f’
J .
rae f =013-10"q; FI :

T

(O6o3HaueHwus cM. B 3aj1a4e 5).
I, =0,049-215" =10300 cM*;

2
f =013-107 -185 9‘:’0 =10 MM;
2,1-10" -10300
2
167 -9,5 150 M

min 2445215 —6+10
Takum o6pazoMm, R, > R, , Tak kak 515 > 450. dakTuueckass HHTEHCUBHOCTh
57,3-10

Habopa yrila HakJIOHA =111". Ha ocCHOBaHMM HaHHBIX MPAKTHUKU PaIUYC

CHIKEHHMH YIJIa HAKJIOHA MpUHUMaeM paBHbIM 1200 M, 4TO COOTBETCTBYET TEMITY
CHIKEHHS yria HakJioHa Ha 10 M mpoxoaku
Aay, =57,3-10/1200 = 0,477 =0°29".

a=90"—(y-pB);

y = arcosll(A_Rl)2 +(H —Hg)* +Ri(R + Rz)} _
R.J(A=R)? +(H —H,)?

2

_ arcos 1| (420 ~515)° + (1350 — 200)” + 5151715 +1200) | _
2 1715., /(420 ~515)? + (1350 — 200)’

— arcos ; 9025 +1322500 + 1501225 }z 4430

1980825

B =arctg AR _ arctg A0S gy
H-H, 1350 — 200
[Tocne moACTaHOBKY 3HAYCHUH y U A TIOTydaeMm
o =90" —(44°30'+4°40') = 40°50', IlpuHumMaem o =41°.
OmnpenernseM yroa BXoJa B IJ1acT




a''=arcsin

R,sina—(H -Hy)

RZ

e

1715 sin 41° — (1350 — 200)

1200

PaccuuThiBaeM JJIMHBI Y4aCTKOB MPOQUIIS U €T0 MPOEKIIUH.
VYyacTok Habopa KPpUBU3HBIL:

JUTHHA

I, =0,01745 R, = 0,01745 -515 - 41 = 368 M;
TOPU3OHTAIIBHAS IPOCKIIUS
a=R,(1-cosa) =515(1—-cos4l’) =126 M;

BCPTHUKAJIbHAS ITPOCKIIUA

JJINHa

h=R,sina =515-0,656 = 338 M.
Y4acTOK CHUKEHUSI KPUBU3HBI:

TOPU3OHTAJIbHAA IMPOCKIUA

a, = R, (cosa—cosa) =1200 Ios(—1°12') —C0s4l’ =294 M

BCPTHKAJIbHAA ITPOCKIMA
H, =R, (sinar —sina") =1200 §in41° —sin(-1112") =
=1200 §in41° +sin1°12' =812
JlnrHa CTBOJIA IO MPOQPHUITIO
L=I, +I, +1, =200 + 368 + 883 =1451 M.
rOpI/ISOHTaHBHaH IMPOCKIHA CTBOJIA

A=a+a, =126 +294 = 420 ™,

YTO HE OTJIMYACTCS OT IPOCKTHOT'O 3HAUYCHUS.
BeprukanpHas npoekius cTBosia

H=H;+h+H, =200 +338 +812 =1350 M.
Ha ocHoBaHuMM pacyeTHBIX NAaHHBIX Ha Tpoduiie yka3plBaeM KOOPIAMHATHI

XapaKTEPHBIX TOUEK U COCTAaBJIsIeM TaOJIUILY

I, =0,01745R,a'; a'= o — "= 41 +1°12'= 42°12";
|, =0,01745 -1200 - 422 = 833 M;

b

} =-1"12".

NutepBan | [nuna YTron uCKpUBJIICHUS, TPaaycC Otknonenn | Cpennee
rinyOuHbl, | nHTEpB | B Havane | B konne | Cpeanu | € 32005 3a | OTKIIOHEHU
M aja, M | UHTEpBaJ | UHTEpPBAI 1 3a WHTEPBAJ, e 320051
a a HMHTEpPBA M CKBaKUHBI.
1 X=1-sina M
0-200 200 0 0 0 0 0
200-300 100 0 11,10 9,95 9,67 9,67
300-400 100 11,10 22,20 16,65 28,65 38,32
400-500 100 22,20 33,40 27,80 46,64 84,96
500-568 68 33,40 41,00 37,20 40,80 125,76
568-668 100 41,00 36,23 38,61 62,41 188,17
668-768 100 36,23 31,46 33,84 55,67 243,74
768-868 100 31,46 26,69 29,07 48,58 292,32
868-968 100 26,69 21,92 24,30 41,15 333,47




968-1068 100 21,92 17,15 19,53 33,43 366,90
1068-1168 100 17,15 12,38 14,76 25,48 392,38
1168-1268 100 12,38 7,61 9,99 17,36 409,74
1268-1368 100 7,61 2,84 5,22 9,06 418,80
1368-1451 83 2,84 -1,12 0,86 1,25 420,05

[IpuMeuanue. A3umyt pased 100°.

Ilpumep 4 Paccuurtats u noctpouth tuna b (cm. puc. 12, 6) nns Oypenus
HAKJIOHHOM CKBaKuHBI TiiyOnmHONW 2400 MO BepTHKaNIHM, €CIU CMeEIlleHue 3a00s
coctaBisier 260 M, MHTEHCUBHOCTh Habopa kpuBu3HBI 7° Ha 100 M mpoxonkw,
MHTEHCUBHOCTb CHKEHUA KpUBU3HBI 1,2° Ha 100 M 1TpoX0AKH, yroJl UCKPUBJICHHUS
CTBOJIa CKBA)KMHBI Ha 3a00e 6°. J[mMHa MepBOro BEPTUKAIBHOIO y4acTKa JIOJIKHA
obITH 60J1ee 500 M.

Pewenue. OnpenenseM MaKCUMaJIbHBIM Yrojl HMCKPUBJICHHSI CKBA)KUHBI 10

dbopmye
Aca. +Aa,, €06 — AAa,, Aa;0,01745 -1/100

COSax = )
Aa,, +Aa

rie Aa, - AHTEHCUBHOCTb Habopa KpuBHU3HBI Ha 100 M MpOXOAKHU, TPayChl; Ac,
- UHTEHCHUBHOCTb CHIWDKEHHMS KpuBM3HbBI Ha 100 M npoxonku, rpamycel; A —
OTKJIOHEHHE 330051 CKBa)XKMHBI OT BEPTUKAIM, M; & - yrojl UCKPUBJIEHUS CTBOJIA
CKBa)KUHBI y 32005, TpalyChl.

_12+7cos6” —260-1,2-7-0,0001745 1,2+6,96 - 0,382

CoSax = =0,948 ;
8,2 8,2
a =18"30".
OnpenensieM BEpPTUKAIbHYIO MPOEKIMIO HAKJIOHHOW YacTH CTBOJIA CKBAXKHHBI
7 : o
0 = _ S0 A, +Aa)sinag - Aay, sin/2 =
Aay, + Ao -
5730

- I +1.2)sin18°30-7sin915' = 700(2,6 —112) =1070 1.
12+7 -

OnpenensieM INIMHY BEPTUKATBHOW CKBaKUHbI
|, =H—-H, =2400 —1070 =1330 M.
OmnpenensieM JIMHY CTBOJIA CKBRXUHBI 11O PO GUITIO
L=1+1,+1;;
I, =(a/ A, )100 ;

I, =(18,5/7)100 = 264 .
_(x—0)100 (18,5-6)100
B Aa B .

L=1330+264 + 1040 = 2634 m.
OmnpenensieM BEpTUKAIBHYIO MMPOCKIIMIO YIaCTKa Ha0opa KPUBU3HBI

=1040 M.

B



_ 100sine _ 100sin18°30"
 A@, 001745  7.0,01745
Brrancnsiem BemnuuHy cMerieHust 32005 Ha y4acTke Habopa KPUBU3HBI
a = htga /2 = 260tg9°15'= 42,3M.
Ol'[peI[eJI}ICM T'OPHU3OHTAJIBHYIO ITPOCKIUIO YIACTKAa CHUKCHUA KPHUBU3HBI
a, =A-a=260-42,3=217,7M.
PaccuuteiBaem paanycC Oyrru ydaCTKa CHUKCHUA KPHUBU3HBL

R, = 100 _ 100 80 M
Acy, -0,01745  7-0,01745
OnpenensieM paguyc Ayrd y4acTKa CHUKEHUS KPUBU3ZHBI

R - 100 _ 100
? Aca.-0,01745 1,2-0,01745
OnpenensieM 2JIEMEHThI UCKPUBIEHHOIO yYacTKa CKBaXUHBI 10 MHTEpPBajIam
IyOWH, U pe3yJbTaThl pacueTOB CBOAUM B Ta0m. 138.
Pacxoxnenve mexay 3aJaHHON BEIUYMHON OTKJIOHEHUS 32005 CKBOXXUHBI U
pacueTHOM cocTaBisieT 2,64 M (unu 1 %), 4TO BNOJIHE JOMYCTUMO.

= 4780 M.

YT0JI HICKPUBJICHUS, OrtknoHenue 3a00s, M
NnTepran JlnnHa rpauyc
TNIyOWHBI, M | MHTEpBaJa, B xonnie | Cpennuii 3a 3a CyMMapHoO€e

M WHTEpBaja | HHTEpPBaJ WHTEpBa
x=1-sinaq
0-1330 1330 0 0 0 0

1330-1430 100 7,0 3,50 6,10 6,10
1430-1530 100 14,0 10,50 18,22 24,32
1530-1594 64 18,5 16,25 17,90 42,22
1594-1694 100 17,3 17,90 30,74 72,96
1694-1794 100 16,1 16,70 28,74 101,70
1794-1894 100 14,9 15,50 26,72 128,42
1894-1994 100 13,7 14,30 24,70 153,12
1994-2094 100 12,5 13,10 22,67 175,79
2094-2194 100 11,3 11,90 20,62 196,41
2194-2294 100 10,1 10,70 18,57 214,98
2294-2394 100 8,9 9,50 16.50 231,48
2394-2494 100 1,7 8,30 14,44 245,92
2494-2594 100 6,5 7,10 12,36 258,28
2594-2634 40 6,0 6,25 4.36 262,64




Ilpumep 5 Paccuurtath U nocTpouTh npoduis tuna B (cMm. puc.12, B), ecnu
BEpPTUKAJIbHASA MPOEKIMs CTBOJA CKBAXKHUHBI COCTaBiseT 2325 M, OTKIOHEHUE
320051 CKBaXKUHBI OT BepTUKAIU 325 M, JIMHA MEPBOr0 BEPTUKAIBHOTO y4acTKa B
COOTBETCTBUM C TEOJOTMYECKUMU YCIOBUSIMH 275 M, [JIMHA TATOTO
BEPTUKAIBHOTO Yy4acTKa 125 M, a3uMyT UCKpuBieHHUs cTBojaa 105°.

Pewenue. JIns OypeHus BTOPOTrO ydacTKa MPUMEHSEM CIIEIYIONIYIO
KOMIIOHOBKY: JI0JIoTO auameTpoM 244.5 wmMm, Typ60o0yp TC4A-170, kpusoi
nepeBoAHUK ¢ yriioM u3ruba 1° u YBT nuamerpom 146 mMm. Takasi KoMIOHOBKa
o0ecrieunBaeT MHTEHCHBHOCTh Habopa yria HakioHa Ag,,= 0,666° Ha 10 M

IpoXOoAKH. Toraa paanyc MCKPUBJIIEHNS BTOPOIO y4acTKa
R, =57,3-10/ Ay, =573/0,666 =860 M.

C yuerom yBennueHuss Ha 5 % R, mpunumaercs paBHbiM 900 M. Ilo

pe3yabTaraMm OypeHHUs B JaHHOM paiilOHE TeMIl CHUYKEHUSI yTrila UCKpUBJeHUs Ha 10
M mpoxonku coctasisgeT 0,8°. Torma paguyc ydacTka CHM>KEHHUS yIJIa HAKJIOHA
paBeH

R, =57,3-10/ Aay, =573/0,8 =716 M.

C yuerom yBennuenus Ha 5 % R, nmpuHumaercs paBHbIM 750 M. IIpunsteie
paauycel R, U R, JOKHBI OBITh OOJBIIMMU MHHHUMAJIbHBIX, KOTOpBIE
OmpeeNaoTes Mo GopMmyie

. 16712
Dyon —dy —k+ f

TIe

IZ
f =0,13-10’ L,
a; El

T

|, =0,049d*.
(O6o3HaueHHS Te Ke, YTO U B mpumepe 1.)

|, =0,049-17* =4120 c™m*

~ , 14782 ~ .
f=013-10"-1375 . =34,6MM;
21-107 - 4120

167 -1478°
Roin = 244 5-170 ~5+ 34,6
CpapnauBas npunsatele R,=900 m u R,=750 m ¢ R, = 350 M, BuguM, 4TO R,>
R, U R,>R_ .

=350 M.




Haxonmum HEOOXOMWMBIN yroa HaKIOHA TPEThEr0 ydacTKa CTBOJIA TI0
bopmyie

RoH = (R, — A)\[H? — A(2R, - A)
(H? +RZ) - A(2R, — A)
riae Ry= R +R,=900 + 750 = 1650 M; H =H, —H, —H, = 2325 — 275 —125 =1925 M.

Torna

sina =

1650 -1925 — (1650 —325)./1925 % —325(2-1650 — 325)
(19252 +1650 %) — 325(2 - 1650 — 325)

Sina =0,1805 ;

a=10"24".

OnpenenseM TOPHU3OHTAIBHBIE M BEPTHKAJIbHBIE IPOCKLUUU OCTAJIBHBIX
YYaCTKOB.
VYyactok Habopa yria HaKJIoHa:
JUTMHA
I, =0,01745 R,r = 0,01745 -900 -10,4 =163 Mm;

TOPU30HTAJIbHAS TPOEKIIUS

a=R, (1-cosa) =900(1—cos10°24") =14,77 M;
BEPTUKAJIbHAS TPOCKLUS

h =R, sina =900sin10°24'=162 M.
VYyacTok noaaep;kanust yriia HakJIoHa CTBOJIA (ITPSIMOJIMHEWHBINA HAKJIOHHBIN):
BEPTUKAJIbHAS POEKLIUS
H, =H, —H, —H, —(R, +R,)sina = 2325 — 275 —125 — (900 + 750) sin10°24'= 1628 M;
JUTMHA
I, =H, /cosa =1628 / cos10°24'=1655 M;
TOpPU30HTAJIbHAS TPOEKIIUS
a, = Hjtgar =1628tg10°24'= 298, 1 M.
Y4acTOK CHM>KEHHMS YIJIa HaKJIOHA CTBOJIA:
JUTMHA
I, =0,01745 R, = 0,01745 - 750 -10,4 =136 M;

TOPU30HTAJIbHAS TPOEKIIUS

a, = R,(1-cosa) =750(1—c0s10°24') =12,3M;
BEPTUKAJIbHAS TPOCKLUS

H, = R,sina = 7505in10°24'=135 M.
JlnuHa cTBOJA TTO MPOodHITIO
L=I,+1,+1;+1, +1; =275 +163 +1655 +136 +125 = 2354 M.

I'opusoHTanbHAsA NPOEKIMSA CTBOJIA

A=a, +a,+a, =14,77 +298,1+12,3= 325,17 M.
BeprukansHas npoekius cTBosia
H,=Hg+h+H, +H, +H, =275+162 +1628 +135 +125 = 2325 M.

Pazuuma 325,17 — 325 = 0,17 M — BIiojiHE AOMyCTUMAs BEJIMYMHA.



Ilpumep 6 PaccuutaTh W TOCTPOUTH mpoduib THMa B mo ympoieHHON
METO/IMKE, €CJIM ITyOrMHa CKBaXUHBI 110 BepTukaiud 2600 M, BeTUYMHA OTKJIOHEHUS
32005 oT Beptukanu 280 M, JyIMHA TEPBOrO BepTHKaIbHOro ydactka 1000 M,
WHTCHCUBHOCTh Habopa KpuBH3HBI 6°Ha 100 M BepTUKAIBHOM MPOEKIIUH,
MHTEHCUBHOCTh CHWXEHHMS KpuBHM3HbI 3° Ha 100 M BEpTHUKaJIbHOW MPOEKIUH,
MaKCHUMAaJIbHbIM yrojd HWCKPUBJICHUA CKBaXWHBI 15°. HukHuN y4yacTOK Ha
npoTsukeHur 100 M T07KeH OBITh BEPTUKATbHBIM.

Pewenue. OnpenenseM IIUMHY BEPTHKAIbHOW MPOEKUMU WMHTEpBaja Habopa
yIjla UCKPUBJIEHUS CTBOJIA CKBAXKHUHBI OT HYJIS 10 15°

1, =% " %1900

Q0
i€, - KPMBHM3HA CTBOJIA B KOHIIE YYaCTKa, IPALyChl; «, , - KPUBU3HA CTBOJIA B

Ha4daJIC y4aCTKa, I'padyChI; Aaloo - HHTCHCHUBHOCTDb UCKPHUBJICHUSA CTBOJIA

ckBaxuHbl Ha 100 M quIMHBIL, Tpagychl
15-0
I, ==—-—100 = 250 M.
6
PaccunTbiBaeM JUIMHY BEPTUKAIBHOW MPOEKIMN NHTEPBAJIA CHUKEHUS yIJIa

HCKPUBJICHHUA CTBOJIa CKBA)KWHBI

:153_01002500M.

IC
Tornma BepTUKanbHAas NPOEKUUs NPAMOJIUHENHOTO HAKJIIOHHOI'O Y4aCTKA COCTABUT
I,, = 2600 — (1000 + 250 +50 +100) = 750 M.

OnpenensieM OTKJIOHEHHUH 320051 CTBOJIA HAKJIOHHOW CKBa>KUHBI 10

WHTEpBaJIaM TITyOuH 1o Gpopmyrie

+
a=a,, +100tg a”za“,

rlie a, , - OTKJIOHEHHUE 320051 OT BEPTUKAIM MPEABLAYIIETO Y4acTKa, M.
WNurepBan rmyOuH:

0— 1000 m 4 =0
1000 — 1100 m
6+0,. . .
a, =a +100tg(T) =0+100tg3" =5,24;
1100 — 1200 m
a, =a, +100tg(12; ®y: _ 52441584 = 21,08 m:
1200 - 1250 m
a, = a, +50tg(> ;12)° — 21,08 +12,00 = 33,08 M;
1250 — 2000 m
a, =a, + 750tgl5° = 33,08 + 201 = 234,08 M;
2000 - 2100 m
12415

a, = a; +100tg( )" =234,08 + 24,01 = 258,09 m;

2



CKBa’XHWHBI

2100 — 2200 m

a, =a, +100tg(9+212
2200 — 2300 m
a, =4, +100tg(642rg)° = 276,62 +13,17 = 289,79 M;
2300 — 2400 m
a, = a, +100tg(3;6)° = 289,79 + 7,87 = 297,66 M;
2400 — 2500 m
A, =3 +100tg(0J2rG)° = 297,66 + 2,67 = 300,28 m;

2500 — 2600 m

)" = 258,09 +18,53 = 276,62 M;

a,, =a,,+0=a, =300,28 M.
[Tonyyennoe cymmapuoe cmetienue 3a60s (300, 28 m) Gosbiie TpeOyeMoro
(280 m) Ha 300,28 — 280 = 20,28 M, T.€. ”IBMEHUTCS Ha4ajI0 UCKPUBJICHUS CTBOJIA

h, =1000 +

20,28

=1000 + 75,6 = 1075,6 M.
tgl5°

CnenoBatesibHO, BETMYHMHA NPSMOJMHEHHOIO0 HAKJIOHHOTO y4acTKa
YMEHBIIUTCS Ha 75,6 M, T.€. 750 — 75,6 = 674,6 ™.
[TpoBouM TIepepacyeT U pe3yabTaThl CBOAUM B TaOIHUIY

VYroJs ucKkpuBIEHUS, OTtkJi0HEeHME 320051, M
WNuTtepBan rioyOuHBI, Jnuna rpagyc
M unrepsana, | B konne | Cpennuii 3a ITo
M WHTEpBaja | HHTEpPBAJ TAHI€HCY | CyMMapHOe
cpenHei
KPUBH3HBI
0-1075,6 1075,6 0 0 0 0
1075,6-1175,6 100,0 6 3,0 5,24 5,24
1175,6-1275,6 100,0 12 9,0 15,84 21,08
1275,6-1325,6 50,0 15 13,5 12,00 33,08
1325,6-2000,0 674,4 15 15,0 180,72 213,80
2000-2100 100,0 12 13,5 24,01 237,81
2100-2200 100,0 9 10,5 18,53 256,34
2200-2300 100,0 6 7,5 13,17 269,51
2300-2400 100,0 3 4,5 7,87 277,38
2400-2500 100,0 0 1,5 2,62 280,00
2500-2600 100,0 0 0 0 -




Ilpumep 7. Paccuutath ¥ MOCTpOUTH npoduib Tuna [ 1 HAKIOHHOU
CKBaXUHBI TIIyonHOM 1800 M 1o BEepTHKaIU ¢ OTKJIOHEHHEM 32005 10 BEPTUKAIH
500 M, ecii MHTEHCUBHOCTh Habopa KpuBu3HBI 8° Ha 100 M MPOXOoJKH, JTHMHA
IEPBOTO BEPTHKAJIBHOIO yuacTtka 250 M, JJIMHA HIKHEro (YeTBEPTOro)
BEPTHUKAJIBLHOTO Y4acTKa JI0JbKHA OBIT Ha MeHee 120 M.

Pewenue. OnpenensieM paanyc UCKPUBIEHUS BTOPOTO y4acTKa

R, =5730/ Acyy, =5730 /8 =716 M.

IIpranmaem R,= 720 M.

Haxoaum paaunyc CHU>KEHHUS yrila HaKJIOHa Ha TPEThEM y4acTKe
R, =5730 /4 =1432 m. [Ipuaumaem R,= 1440 m.

OmnpenernseM BeIMYMHY HEOOXOIMMOTO yria HaKJIOHa

A
cosa =1- ,
R, +R,
rje A — BeMYMHA CMEIIEHUs 32005 OT BEPTUKAIIH, M.
Torma
COSa=1—&:0,768; a~398".
720 +1440

PaccuntbiBaeM [UIMHY Yy4YacTKOB TMpoQwis M UX TOPU3OHTANbHBIE U
BEPTUKAJIbHBIE IPOEKIUH.
VYyactok Habopa yria HaKJIOHA CTBOJIA CKBAKUHBI:
IUIHA
|, =0,01745 R,&r = 0,01745 - 720 - 39,8 = 500 M;
TOPU30HTAIbHAS IPOCKIIUSA
a=R (1-cosa)=720(1-c0s39,8") =720 -0,232 =167 M,
BEPTUKAJIbHAS [IPOCKLIUA
h=R,;sina=720sin39,8" =720 -0,641 = 461 M;
Y4acToK CHM>KEHUS yIJIa HAKJIOHA CTBOJIA!
IUINHA
I, =0,01745 R, = 0,01745 -1440 - 39,8° =1000 M;
TOPU30HTAIbHAS IIPOCKIIUSA
a, =R,(l—cosa) =1440 - 0,232 =333 M;
BEPTUKAJIbHASL IPOCKLIUA
H, =R, sina =1440sin39,8" =1440 - 0,641 = 922 M.
BepTukanbHblil y4acTOK (4ETBEPTHIN):
IUINHA
H, =H—-H, —h—H, =1800 — 250 — 461 — 922 =167 M;
BEpPTHUKaIbHas IpoeKus hy =1, =167 m.
JlnuHa cTBOJA IO MpOodHITIO
L=I,+I,+I1;+1, =250+ 500 +1000 +167 =1917 M.

[Ipoekuuu cTBoOJA:
TOPU30HTAIbHASA

A=a, +a, =167 + 333 =500 m.
BEpTUKAJIbHAA



H, =Hg; +h+H, +hg; =250 +461+922 +167 =1800 M.

VYKIIOHEHHE CTBOJIA CKBAXKUHBI 32 CUET KPUBU3HBI
Ly = L—H =1917 —1800 =117 M.
Ilpumep 8 Paccuutath u noctpouth npodwis tuna D (cMm. puc.12, 1), ecou
riyOrHa CKBaXMHBI 1O BepTHKalu cocTaBisieT 1620 M, oTKiIOHEHHE 3a00s O
BepTukaiu 135 M, 1nrMHa nepBoro BeptukaibHOro yyactka 1000 m, azumyt 140°.
Pewenue. OnpenensieM BEpTUKAIBHYIO MPOESKIMIO Y4acTKa Ha0opa KPUBU3HBI
h=H,—-Hy; =1620 —1000 =620 M;
rne H,- BEepTUKaJIbHAas MPOEKIMsS CTBOJA CKBAXUHBI, M; H, - JJIMHA IEPBOTrO

BEPTUKAJIBHOTO Y4acTKa, M.
OmnpenensieM paanyc HCKPUBIICHUS CTBOJIA CKBAKUHBI TTO0 (PopmyIie
R =(h? + A2)/2A,
re A — OTKJIOHEHUS 32005 CKBaKUHBI 110 BEPTUKAIIH,

R 620% +135°

=1491 M.
2-135
PaccunThiBaeM yrosu UCKpUBIICHUSA CKBAKUHBI
tg/2=A/h=135/620 = 0,218, o =24°36"

OnpenenseM BepTUKAJIbHBIE W TOPU3OHTAJIBHBIE MPOSKIUH TPODUIIS.
VYyacTok HabOpa KPUBU3HBI:
JUTHHA
I, =0,01745 R, = 0,01745 -1491 - 24,6 = 640 Mm;
TOPU30HTAIbHAS TTPOSKITHS
a=R (L-cosa) =1491(1- c0s24°36') =1491(1— 0,9092) =135,5M;
BEpPTUKAJIbHAS TPOCKITUS
h=R sina =1491sin24°36'=1491 - 0,4163 = 620 M.
JlnuHa cTBOJA 1O MpoduITIo
L =1, +1, =1000 + 640 =1640 M.

BeprukanpHas npoekus cTBoja
H, =H; +h=1000 + 620 =1620 M.

Ecnu, xpome BepTHKaIbHON MPOEKIIMU CTBOJA CKBAXXHUHBI, CMEIIEHUS 32005
OT BEPTUKAJIN, a3UMYyTa U IEPBOr0 U BEPTUKAIBHOIO y4acTKa, 3aJjaH yroJjl BXoJa B
mIacT y =15 (MEXIy OChbIO0 CTBOJIa CKBXXMHBI U IJIOTHOCTHIO HAIUIACTOBAHUS) U
M3BECTEH yrojl TMajJeHus 1uiacta [ =20° (COCTaBIsAE€MbIM IUIOCKOCTBIO
HAIUIACTOBAHUSI C TOPU3OHTAIBHOW IJIOCKOCTHIO), TO YroJl HakJIOHAa CTBOJIA U
BEPTUKAJIM @ B MECTE BXOJIa B IJIACT HAXOUM 110 popmyIie

a=90"—-y—p=90"-15"-20" =55".

Torna paanyc UCKPUBJICHUS CKBaKUHBI



A . 1b 135
1-cosa 1-cosb55° 1-0,574
[Ipu 6ypeHmI JAHHOM CKBaXXWHBI JOJIOTOM JHAMETPOM 2445 MM ¢

=317/ M.

TypboOypom T12M3-215 R,;,= 450 M (cm. mpumep 3). [losTomy HeoOX0aUMO
YBEJIIMYUTH PANyC UCKPUBJICHHUS CTBOJIA CKBXXMHBI JO MHHHMAIIBHOTO, T.e. R =

450 m.

3Ha4YeHUsS OTKJIOHEHHS CTBOJIAa CKBAaXXHHBI OT BCPTHKAJIM Ha Pa3JIMYHbIX
FHY6I/IHaX N BCIIMYMHBI YIJIOB HMCKPHUBJICHUA Ha TCX XKC FHY6I/IHaX IMPHUBCACHLI B

Ta0IHILy.
Yron uckpuBieHus, | OTkIIoHeHue 320051, M
NnarepBan | JlnuHa rpaayc
rIyOWHBI, M | UHTEpBaa, | B koHue | Cpegnuii 3a | 3a CyMMapHoO€e
M WHTEpBAJIa | UHTEPBA VHTEPBAJ
X=1-sinag
0-1000 1000 0 0 0 0
1000-1100 | 100 0 3,84 3,35 3,35
1100-1200 | 100 3,84 7,68 10,05 13,40
1200-1300 | 100 7,68 11,52 16,68 30,08
1300-1400 | 100 11,52 15,36 23,23 53,31
1400-1500 | 100 15,36 19,20 29,71 83,02
1500-1600 | 100 19,20 23,04 36,03 119,05
1600-1640 |40 23,04 24,57 16,00 135,05

[Ipumeuanwue. 1. Asumyr cocrasuser 140°.
2. Aayy, =57,3-10/ R =573/1491 = 0,384".

2.1. Kanskynsarop
2.2.MeTtoauuecKknue yKa3aHus

IIpakTnueckas padora Ne 13

2 4aca
I'PAOUYECKOE IIOCTPOEHHUME ITPOD®NJIA HAKJIOHHO -
HAITPABJIEHHOM CKBAKHWHBI
1. I]env pabomsi
Hayuutbcest ctpouth poduiib HAKIIOHHOM CKBaYKUHBI
2.00ecneuynBamoiye cpeacraa

THUIIBI TPO®UJIEN HAKJTOHHO-HAIIPABJIEHHBIX CKBAKUH
N PEKOMEHJIAIMH 11O UX NTPUMEHEHUAIO

[Ipodune THma A cOCTOUT M3 TpeX Y4YaCTKOB: BEPTHKAIBHOTO 1, ydyacTka
Habopa yria HakJIOHA CTBOJIAa 2 M MNPSIMOJMHEHMHOrO HAKJIOHHOTO ydacTka 3.
[Ipodgunp 3TOrO0 THMa PEKOMEHAYETCS MNPUMEHATh NpU OYpeHHH HErTyOOKHX




CKBXKMH Ha OJHOIUIACTOBBIE MECTOPOXKACHMSA, €CIHM Mperojaraercsa OoJbLIoe
cMmenieHre 3a00s. OH TO3BOJISIET OTPAHUYUTH JI0 MUHUMyMa BpeMsi pabOThI C
OTKJIOHUTEJIEM, TIONYy4YUTh HauOOJbIIEe OTKIOHEHHWE OT BEPTUKAIU MPHU
HAaMMEHbIIIEM VyIJie HaKJIOHA CTBOJA, OKCIUIyaTUPOBaTh CKBAXKHHBI 0e€3
3aTPYAHCHUN.

[Ipopuns Tina b  ornuyaercs ot mpoduns Tunma A TeM, YTO BMECTO
NPSIMOJIMHEMHOTO  HAKJIOHHOTO yYacTKa HWMEETCSd YYacTOK €eCTECTBEHHOIO
CHIDKEHHUs yria HakjoHa 3. [lpoduns sToro tunma pekoMeHayeTcsl MPUMEHSTH B
paiioHax, rjie €CTECTBEHHOE CHIDKCHHE yIjla HaKJIOHAa HEBEIUKO, M JJIs OOJBIINX
MIyOWMH CKBaKMH, KOTJIa CTaOMIM3anus yriia HakiioHa 3arpynHeHa. OH TpeOyer
Habopa 3HAYUTETHHO OOJIBIIETO yIiia HAKJIOHA CTBOJA, JJIMHA BTOPOTO y4yacTKa
(Habopa KpuBH3HBI) OyaeT OoJbllle, a 3HAYUT YBEIUYUTCS BpeMsl palbOTHI C
OTKJIOHUTEJIEM.

[Ipodpunb Tuma B cocTouT M3 MATH y4acTKOB: BEpTHKalIbHOrO 1, ydacTka
Habopa yrja HakJIOHa CTBOJIA 2, MPSMOJIMHEIHOTO HAKJIOHHOTO ydacTKa 3, ydacTka
CHW)KCHMS yrila HakjoHa 4 W BepTUKaidbHOTO 5. Ero pekoMeHmyeTcsi MpUMEHSTh
OpU MPOXOJAKE TIIyOOKHX CKBaXHUH, TpeOyIOIMMX NEpPEecedeHus CTBOJIOM
HECKOJIbKMX MPOAYKTUBHBIX TOPU30HTOB. DTO HauOo0JIee CI0KHBIN MPOPUIIb.

[Ipoduns Tuna I' otnuuaercs ot npodwis B tem, yto B Hem ydactku 3 u 4
3aMEHEHbl Y4acTKOM CaMONPOM3BOJIBHOTO TNaJ€HUA yrja HakjioHa 3.
PekoMenayercss mpuMeHsATh Tpu OypeHHMH TJIyOOKMX CKBaXHH, B KOTOPBIX
BO3MO>KHBI OTKJIOHCHHS B HUKHEH YaCTH CTBOJIA CKBAKHHBI.

[Ipodpuns Tuna JI cocTOUT U3 BEPTUKAIBLHOIO y4acTka | M ydyacTka Habopa
yriia HakjoHa ctBojia 2. Ilpoduns xapakrepusyeTcsi OONBIION JJIMHONW BTOPOIO
ydyacTka. PexoMeHmyeTcs €ero TpUMEHSITh, €CJIM HEOoOXOAUMO BBIACPKAThH
3aJJaHHBIC YTJIBI BXOJa B IUIACT M BCKPHITh HEOOJIBIITYIO TONIUHY TJ1acTa.

Pucynoxk 1 - Tunsl npodueit



3ajganme: mo pacyeram npoduJieil B npeabayleil NpakTu4ecKou padore
(Nel2), mocTpouTh COOTBETCTBYIOLIHE TPOPUIIN.

['opu3oHTaNBHYIO TPOEKIMIO CTPOUM CIACAYIOIMHMM 00pa3oM: BEIOHpaeM
TOUKY, KOTOpasi OyJeT SIBISATbCS yCThbeM CKBAXKMHBI M 4Yepe3 Hee B HAlpaBICHUU
33JIaHHOTO a3MMyTa IPOBOJUM NPSIMYIO JIMHUIO U OT BBIOPAHHOM TOYKM Ha HEM
OTKJIAJIbIBAEM B COOTBETCTBYIOLIEM MacIUTa0e OTPE30K, PaBHBIN JJIMHE CMEIICHUS
320051 OT BepTUKaIU. M3 KOHIIa OTpe3Ka paarnycoM TOro K€ MacmTada MpoBOJAUM
OKPYXHOCTh, OTPAaHWYHUBAIONIYIO JOMYCK Ha OTKJIOHEHHE 3a00s OT 3aJaHHOTrO
noyiokeHusi. M3 Touku, MPUHSTONW 3a yCThE€ CKBAXXUHBI, IPOBOJIUM JIBE JIMHUH,
KacaTeJIbHbIE K OKPY>KHOCTH.

BepTukanbHyt0o TPOEKIIMIO CTPOMM Ha TOM K€ JIUCT€ MHJLTUMETPOBOM
oymaru. I[IpoBoaum ocu koopauHaT. Ha BepTuKaibHON OCH OT Havalla KOOpJUHAT
BHU3 B MaciITabe OTKJIaJIbIBAEM OTPE30K, paBHBIN IITyOMHE HAKIOHHOW CKBa)KUHBI
10 BEPTHUKAIH.

Ilpumep 1 ( IIpumep pacuema 1)

[TocTpouTh Npodguiib HAKJIOHHO-HANIPABIECHHOW pa3BEAOYHON CKBAXKUHBI IIPH
CIEYIOIMX YCJIOBHUSX: CKBa)XMHA JIOJDKHA BCKPBITh OJUH IPOTYKTHUBHBIN
TOPU30HT, ECTECTBEHHOE UCKPUBJIEHUE CTBOJIA HE3HAYUTEIBLHOE.

[1o manHBIM pacyeTa cTpouM B MacuTabe npoguib CTBOJIAa CKBAXKUHBI (PHC. a,
0).

['opu3oHTaIbHYI0O  HpOEKUMI0O Opoduias  CTPOMM  TaK: Ha  JIUCTE
MUJUIUMETPOBOl Oymaru BbeIOMpaeM TOUKy O, KOTOPYIO NpPUHUMAaeM 3a YCTbE
HAKJIIOHHOM CKBa)XMHBI (BEPXHAS KPOMKA MUJUIMUMETPOBOTO JIUCTA COOTBETCTBYET
ceBepHOU cTopoHe). [Ipy moMomm TpaHcopTHpa Yepe3 3Ty TOUKY B HAIIPABJICHUU
npoekTHoro azumyTta (150°) mpoBOAMM MPSMYIO JIMHUIO U OT BBIOpaHHOU TOUKU O
HAa HeW oTkianbiBaeM oTpe3ok AE, paBHbI JIiuHE OTKIOHEHHsS 3200 OT
BepTuKaiu B npunaroM macmrade (1:200, 1:400 wnu 1:500), T.e. OO, = AE = 500

M. U3 Touku O, (puc. a) paguycom 90 M B 3TOM Xe MacmTade MNpOBOIUM

OKPY>KHOCTh, OTPAHUYHMBAIOIIYIO JIONMYCK Ha OTKJIOHEHHE 3a00s OT 3aJaHHOTO
MoJIOKeHHs (Kpyr jaomycka). Pagmyc nis maHHOM CKBaKMHBI JIOJDKEH OBITH HE
6omnee 5 % riayOuHBI CKBaXKUHEI, T.€. 90 M.

JIBe KacaTeibHbIC JUHUM, MPOBEACHHbIE OT TO4Yku O, K KpPyry IOIycCKa,
00pa3yroT KOHYC JOIYCKOB.

3aTeM Ha 3TOM K€ JINCTE MAJUTUMETPOBOM Oymaru MmpoBOAUM OCH KOOPWHAT.
Ot Hayana KOOpJIMHAT BHU3 HA BEPTUKAJIIBHON OCH OTKJIAJIbIBAEM OTPE30K, PABHBIN
BEPTUKAJILHOM Tpoekuuu crBoia ckBaxkunsl OA = H,= 1700 M B macmrale

1:1000 wnm 1:2000. Ha aTom otpeske oTkianbiBaem pacctosinusg OB =300 m u BC
= 172 . U3 toukn C npoBOJMM TOPU30OHTAJIBHYIO JIMHUIO U HA HEW OTKJIA/IIBAEM
orpe3ok CD = 31,7 M; U3 ToOUku A POBOJANM TOPU3OHTAIBHYIO JIMHUIO U HA HEH
otkaapiBaeM oTpe30k AE = 500 M. Touku O u B, D u E coegunsiem npsimoii , a B
u C — no ayre okpykHoctu paauyca 480 m ( puc.0).
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Pucynok 2 -Cxema noctpoenus nmpoduist Tuna A
a) TOPU3OHTAJIbHAS MPOEKIN, 0) BepTUKAIbHAs MPOEKLUs , B) PACCUUTAHHOTO MO YIPOLIEHHON

MCTOJHKCE.

Ilpumep 2 ( Ilpumep pacuema 2) Iloctpouth npodwiib Tuna A Juist OypeHus
HAKJIOHHOM CKBaXMHBI TIIyOHHOU (1o BepTukanu) 2100 M 1 co cMenieHueM 3a00s
300 m. MaTeHcuBHOCTh Habopa KpuBU3HBI HAa 100 M mpoxoaku cocrasiser 12°
MAaKCHUMAaJIbHBIM YTOJl HAaKJIOHA CKBaXWHBI 25°. J/[MMHA TEpBOr0 BEPTUKAIBHOTO
y4yacTKa He orpanuuuBaercs .Metoauka pacyera ympoieHa. [loctpoenue
npo¢uis pucyHok B. Ha BepTUkanbHOM JMHUM OTKJIaAbIBaeM OTpe3ku AB = H =
2100 m, AC = 1,= 1353 m, CD = h = 202 m. Yepe3 Touku C, D, B npoBoaum
FOPU3OHTaJbHbIC JUHUU. OTIOXHM HaA JIMHUW, NOpoxojsiier udepe3 Touky C,
otpe3ok R = 477 m; Ha nuHuu, npoxoasauieil yepe3 Touky D, orpezok DE = a =
44,7 M 1 Ha TMHUY, IpoXoisLIeH yepe3 Touky B, orpe3ok BF = A =300 m.

N3 toukn O pagmycom 477 m onuceiBaeM ayry. Touku E m F coennnsem
npsmoii F EF nmo xacamuss B gnpyroii Touke E. Jlomannas nunus ACEF

MPEICTABIISACT COOOM MPOCKTHBIN MPOUIH CTBOJIA CKBAKUHBI.
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Pucynox3 - Cxema noctpoenus nmpoduist Tuna A

a) TOpU30OHTAJIbHAA IMPOCKIUAA, 6) BCpTUKAJIbHAA MPOCKIHA , B) PACCUUTAHHOTI'O I1O ynpOH.[CHHOIZ
MCTOJHKCE.

Ilpumep 3 ( Ilpumep pacuema 3) noctpouts npoduib Tuna b (cm. puc.4, 6),
€CIIM BEpPTHKAJIIbHAA TMPOEKIUS CTBOJA CKBaxuHbl 1350 M, ropu3oHTaIbHAs

npoekuuss 420 M, IIMHA MEPBOro BepTHUKaIbHOro ydactka 200 M, asumyT
HAKJIOHHOTO cTBOJIa 100°.
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Pucynox4 - PacdetHbie cxembl ipodrieit

CrpouM npeaBapuTenbHO Mpoduias B m0bdoM maciutadbe. Ha npsmoil nuaun
orkinageiBaeM otpe3ok BC (puc.4 a), paBHbI BEpTUKAIbHOW MPOEKIUH CTBOJIA
ckBaxxubl H = 1350 M u otpe3ok BK, paBHbII mjinHE MEpBOro BEPTHUKAIBLHOTO
yuactka H, = 200 m. 13 Touek K u C npoBoaum npsiMele, NEPHIEHAUKYISIPHBIE K

muann BC, Ha koTOphIX OTKNaasiBaeM oTpe3ku KO, = R, =515M u CO, = A= 420 m.
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Pucynok 5- Cxema noctpoenus npoduisi b (a) , paccuurannomy o BTopomy mMerony (0)

Ilpumep 4 ( IIpumep pacuema 4)

[Toctpouts Thna b (cMm. puc. 4, 0) nnsa OypeHHs] HAKJIOHHOM CKBaXKWHBI
rnyounorr 2400 mo BepTHKald, €cld CcMelleHue 3a0os coctaBisieT 260 M,
MHTEHCUBHOCTh HaOopa kpuBHM3HBI 7° Ha 100 M NpPOXOJKH, WHTEHCHUBHOCTH
CHWKeHHsT KpuBHU3HBI 1,2° Ha 100 M NpPOXOJKH, Yrojl MCKPHBJIEHUS CTBOJA
CKBXMHBI Ha 3a00e 6°. JliMHAa MepBOro BEPTUKAIHHOTO Y4YacTKa JIOJDKHA OBITH
6onee 500 m.

Crpoum mnpoduns (puc. 5, 0). OTknanpiBaeM Ha BEPTHKAIBHOW JUHUU
orpeskn: AB = H = 2400 m, AC = I,= 1330 m, CD = h = 260 m. U3 touku C
MPOBOJIMM TOPU3OHTAJIBHYIO JUHUIO U Ha HEW OTKJIaJbIBaeM OTpe3oK R,= 820 m.
N3 Toukn D npoBoAMM rOpU30HTAIBHYIO JIUHUIO U HA HEW OTKJIAJbIBAEM OTPE30K
DE = a =423 M, a u3 Touku B — ropuzontasnbayto nunuto BF = A =260 m. U3
TOYKM O, paauycoMm R, mpoBoauM ayry, coequnstomyro Touku C u E, a u3 Toukn
0, pammycoM R,= 4780 m — nyry, coemunsronyro Touku E um F. Touka O,
HAXOJIUTCS HA MEPECEUCHUH JIBYX JYT OKPYKHOCTEH, MpoBeACHHBIX U3 Touek E u F
paguycoM R,. Jlomanas nunust ACEF npeacraBisier co00il mpoeKkTHbIN poduiib
CKBaXKUHBI.

Ilpumep 5( IlIpumep pacuema 5) Ioctpouts mpoduis Tuma B (cm. puc.6, B),
€CJIM BEpTHUKaJIbHAS MIPOEKIIMS CTBOJIa CKBAXXUHBI COCTABIAET 2325 M, OTKJIOHEHUE
320051 CKBOXKHUHBI OT BepTUKAIU 325 M, JIMHA MEPBOTO BEPTUKAIBHOTO y4acTKa B



COOTBETCTBHUM C TEOJOTMYECKUMHU YCIOBUSIMU 275 M, [JJUMHA MOSTOTO
BEPTUKAIBHOTO yyacTKa 125 M, a3uMyT ucKpuBiieHus cTtBojaa 105°.
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Pucynok 6 PacdyeTHbie cxembl nmpoduiiei

Crtpoum npoduiib (puc.7/, a). [Opru30HTANIBHYIO MPOSKIHIO PO CTPOUM
aHAJIOTUYHO MOCTPOCHHIO, OMMCAaHHOMY B 3anaue 89. BepTUKalbHYIO NPOEKIHUIO
CTpOUM clenytonmM oopa3zoM. Ha BepTUKaIbHON JIMHUM OTKJIAJIBIBAEM OTPE30K,
paBHBIM BEpTHKAJIbHON NMPOEKIUU CTBOJA ckBaxuHbl AB = H = 2325 M. Ha stom
orpeske oTkiaabiBaeM paccrosiaust: AC = H,=275wm; CD=h=162wm; DE=H,=
1628 m; EF = H,= 135 m.

N3 Touek D, E, F wm B 1npoBoguM rOpU3OHTaIbHBIE JIMHUH,
NepreHIuKyIspHble K AB, 1 Ha HUX COOTBETCTBEHHO OTKJIajbiBaeM oTpe3ku DK =
a=14,77m; EL = a, +a,=312,8 m; FM = A = 325,17 = BN.

N3 touek C u K paguycom R,= 900M nies1aem 3aC€UKHU, TOUYKH UX IEPECCUCHUS
nanyT 1eHtp O, OKPYKHOCTH, MO AYre KOTOPOW MOJDKEH MPOUCXOAUTH HaOOp
KpUBU3HBI, a U3 Touek L u M pamnmycom R,=750 M J1emaeMm 3acedkd, TOUKH HUX
nepeceueHust AaayT 1neHTp O, OKPYXKHOCTH, MO JOyre KOTOpPOH JOJDKEH
MPOUCXOUTh CMaj paHee HaOpanHoro yria HakioHa. Toukn K mw L, M u N



coenuasem npsmbiMu JmHESMH KL w MN. Jlomanas nwaus ACKLMN
MPEACTaBIAECT COO0M MPOPHMIIb MPOEKTHON HAKJIOHHOW CKBAKUHBI.
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Pucynoxk 7 a) Cxembl nmoctpoenus npoduis tuna B
0) pacCUMTAHHOTO IO YNPOIIEHHOW METOIUKE

Ilpumep 6( Ilpumep pacuema 6) Iloctpouts npoduias Tuna B (cM. puc.6, B)
M0 YMPOIICHHOW METOJMKEe, €CIU TJIyOMHa CKBaXHHBI MO BepTukamu 2600 M,
BEJIMYMHA OTKJIOHEHHUS 32004 OT BepTukaiu 280 M, JUIMHA NePBOro BEPTUKAIBHOTO
yuactka 1000 M, mHTEHCMBHOCTHh HaOopa KpuBHU3HBI 6°Ha 100 M BepTHUKaNbHOU
IIPOEKLIMM, WHTEHCUBHOCTh CHM)KEHUS KpuBH3HBI 3° Ha 100 M BepTHKambHOU
MIPOEKLIMY, MAKCUMAJIBHBIA yTrOJ MCKPUBJIIEHUS CKBaXXWHBbI 15°. HrkHMI ydacTok
Ha npoTsbkeHnd 100 M 10KeH ObITh BEPTUKAIBHBIM.

Jlns moctpoenust npoduiis CKBaXxuHbl (puc./, 0) Ha BEPTUKAIBHOU JUHUU
OTKJIAJbIBAEM KOHEYHBIC BEJIUYMHBI MHTEpBaoB u3 Ta01.140 (1075,6; 1175,6 u
T.A.). I3 KaxJI0i TOYKM MO TOPU3OHTAIM OTKJIAJIBIBAEM COOTBETCTBYIOIIHAE WM
cymmapubie cmemenus (0; 5,24; 21,08 u T.1.). Touku B, C, D, Eu F, K, L, M, N,
O coenunsiem 1IaBHOM KpuBoH, a Touku E u F, O u P npsimoit, conpsikeHHOM C
BEPXHEN U HUXKHEW KPUBBIMU.

Ilpumep 7( Ilpumep pacuema 7) Tloctpouts npoduis tumna I' (cMm. puc. 6, T)
JUTSl HAKJIOHHOM CKBaXKMHBI Ti1yorHou 1800 M 1o BepTUKAIK ¢ OTKJIIOHEHUEM 32005
no Beptukasm 500 M, €caM HMHTEHCHMBHOCTh Habopa KpuBu3HBI 8° Ha 100 M



MPOXOJIKH, JJIMHA TIEPBOTO BEPTUKAIBHOTO ydacTka 250 M, JJIMHA HIDKHETO
(4eTBEepTOro) BEPTUKAIBHOTO YYacTKa JOJIKHA ObIT HAa MeHee 120 M.

[Tpumep [lns moctpoeHus: npoduist ckBakuHbI (puc.8) Ha BEPTUKAIBHOU
auHMK oTKIaabiBaeM oTpe3ku AB = H =250 m; CD =h =461 m; DE =H,=922 m
u EB = h, =167 m.

Yepes touku C, D, E, B npoBoauM ropu30HTAIBHBIE JIMHAA U OTKJIAABIBACM
ot Touku C oTpe3ok CO, =R, =720 M; oT Touku D — otpe3zok DF = a, =167 m; oT
touku E — oTpe3ok EK = A = 500 Mm; ot Touku K no nanpasnenuto nuauu KE —
orpe3ok KEO, = R,=1440 m; ot Touku B — otpe3ok BL = A = 500 m. VI3 Touku O,

ONHKCBIBAaCM AYry paauycoM R,, a u3 TOUku O, - AyTry paguycoMm R,.
Jlomanas nmuuust ACFKL mpeacrasnsier co6oil mpoduias cTBONIa HAKIOHHOM
CKBQ)KHUHBI.
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Pucynok 8 Cxema noctpoenus npoduis tuna I”
Pucynok 9 cxema nocrpoenus npoduns tuna [

Ilpumep 8 (Ilpumep pacuema 8) Iloctpouts mpoduas Tuma D, ecnm
riyOMHa CKBaXMHBI TIO BEPTHKaNu cocTaBisieT 1620 M, oTKiIOHEHHE 3a00s O
BepTukanu 135 M, qnrHa nepBoro BeptukaibHoro yuactka 1000 m, asumyt 140°.

Crpoum nipoduib (puc.9). 'opu3oHTaANBHYIO MTPOSKIMIO CTPOUM aHAJIOTHYHO
onmucaHHOM B 3aaaue 1.

JInss TOCTpOEHUS BEPTUKAIBHOM IMPOEKIMHA HAa BEPTUKAIBHOW JIMHUU
oTKJIagbiBaeM oTpe3ok AB = H, = 1620 M, paBHbIi TIyOMHE HAKJIOHHOM

CKBQXWHBI 1O BepTUKaIU. Jlalee HAHOCMM KOHEUHBIC TOYKH OIMPEICICHHBIX
yaactkoB nipopmisi: AC = H, = 1000 m; BD = A =135 m. 3arem Ttouku C u D
coenuHseM mo ayre paguycoM R = 1491 m. Jluaus ACD Oyner mpeacTaBisiTh
co00¥ POEKTHBIN TPO(PHIIb CKBAKUHBI.



IIpakTnyeckas padora Ne 14
2 4aca
IMOCTPOEHUE T'PA®UKA COBMEIEHHBIX JABJIEHUI
1. I]env pabomsi
Hayuutbcst crpouth TpaduK COBMEIIEHHBIX JaBICHUM JUisi  BbIOOpa
KOHCTPYKIIUU CKBaYKUHBI
2.00ecneunBamonue CpeacTna
2.1. Kanbkynstop
2.2.MetoanuecKkue yKa3aHus
3. 3apanue
3.1. [TocTpouTh rpadk COBMENIEHHBIX 1aBJICHUN HA OCHOBE MATEPHUAJIOB MPAKTUK
3.2. [lo naHHBIM MaTEepHAJIOB MPAKTUK BBIOPATh 1 00OCHOBATH KOHCTPYKIIUIO
CKBa)KUHBI
3.3. 3anoJHATH TEXHOJOTHYECKYIO YacTh [ ' TH cormacHo nmomy4eHHbIM TaHHBIM

4. TpeGoBaHus K 0OTHETY
4.1. Homep paboTbl
4.2. I'paduk COBMEIIIEHHBIX JaBICHUN
4.3. O60cHOBaHNE KOHCTPYKIIUU
TexHos10rus1 BHINOJHEHUS

I'paduk cCOBMEIICHHBIX JABJIICHUI WJUIIOCTPUPYET U3MEHEHUE MO TIyOuHe
CKBAXUHBI JTaBJICHUN THApPOpa3pbiBa MOPOJI, IMIACTOBBIX JABJICHUM U JABJICHUM
cTtosiba OypoBoro pactBopa. ['paduk cTpouTcss HAa OCHOBAHMM TOPHO-
reoyiornyeckux ycnoBuil. [Ipu Hemoctatke pakTUUECKUX JAHHBIX OHU MOTYT OBITh
MOJTYYEHBI YMITUPUYECKUM TTyTeM (ITPOTHO3HBIC IAHHBIE).

I'padux COBMEILIEHHBIX JIaBIEHUWA TO3BOJIAET BBIACIUTH B paspese
WHTEPBaJbl, HECOBMECTHUMBIE IO YCJIOoBUSIM OypeHus. C y4eToM HaIu4us
TeOJIOTUYECKUX OCIIOKHEHHM M0 TpaduKy COBMEIIEHHBIX IaBICHUI peniaeTcs
BOIIPOC O HEOOXOJIMMOCTH MPOMEKYTOUHBIX (TEXHHUUYECKUX) KOJIOHH, UX YHUCIA U
TIIyOWHBI CITyCKa.

I'panveHT MIacToBOro AAaBJICHHUS — OTHOLIEHHUE IJIACTOBOTO JABJIEHUS B
paccMaTpUBaEMOM TOYKE IJIacTa K TIyOMHE 3TOW TOUKH.

I'panueHT gaBneHus rUApopa3pbiBa — OTHOIIEHUE JABJICHUS THAPOpa3pbIBa
B paccMaTpUBaEMOM TOYKE IJIaCTa K TIIyOHMHE ITOM TOUKH.

['pagueHT TUAPOCTATUYECKOTO CTOJ0a OYypOBOTO pacTBOpa — OTHOIIEHUE
JIaBJICHUS TUIpocTaTudeckoro croida bP B paccmaTpuBaemMoil ToUke CKBaXKHUHBI K
IIyOUHE STON TOYKHU.

ITon »skBUBaJIEHTOM TIpaJlieHTa AaBJIEHUS MOHUMAIOT IUIOTHOCTh YKUJIKOCTH,
CTOJIO KOTOPOM B CKBa)KMHE Ha TUIyOHMHE OMpEJeICHUsI CO3/1aeT JIaBJICHUE, PABHOE
MJJACTOBOMY WJIM IaBJICHUIO THIPOPA3PHIBA.

IMocsienoBaTeIbHOCTH ACHCTBUI

1. ITo nUTONOTHYECKON XapaKTEPUCTHUKE pa3pe3a BBIACISIOT MHTEPBAJIBI C
AHOMAJIBHOM XapaKTEPUCTUKOM IUIACTOBBIX JABJIICHUM U JaBJICHUW THIPOPA3PHIBA.

2. [Ins UHTEpBAJIOB MO M. | HAXOAST 3HAYEHUS SKBUBAJIECHTOB I'PaJNEHTOB
MJIACTOBBIX JIABJICHUM U JABJICHUI TUIpOpa3phiBa ClIararoluyux mopo.



3. Ha coBmemieHHbI TpaduK HAHOCAT TOYKH HKBHBAJICHTOB M CTPOST
KpHUBbIE SKBUBAJICHTOB I'PaJIMEHTOB JJABJICHU.

4. mapatenbHo ocu opauHaT npooaiT iuHUK AB, EF, KL, OP kacarenbHo
KpallHUX TOYEK SKBHUBAJIICHTOB I'PAJIMEHTOB IJIacTOBOro aamienus u juHuu CD,
GH, MN, QS - kacarelpHO KpallHUX TOYEK KPUBON 3KBUBAJECHTOB I'DAJHCHTOB
JABJICHUS THUIPOPA3PHIBA.

5. 3ousr ABCD, EFGH, KLMN, OPQS sBasftOTCS 30HAMH COBMECTHMBIX
yCIIOBUI OypeHHs.

6. JIuHNM OompeneNnsatoT TPAHUYHBIE YCIOBHS IO TUTACTOBBIM JIABJICHHUSIM JIJIS
COOTBETCTBYIOIIUX HHTEpPBaJOB paspesa, a ymanun CD, GH, MN, QS — mo
JABJICHUSIM THAPOPA3PHIBA.

30HBI COBMECTHMBIX YCJIOBHM OypeHHs SBISIOTCS 30HAMHU KPETUICHHUS
CKBOKHHBI 00CaTHBIMU KOJOHHAMU. KOJMYECTBO 30H KPEIUICHUS COOTBETCTBYET
KOJIMYECTBY 00CAHBIX KOJIOHH.

7. TI'mybuna cmycka oOcagHOW  KOJOHHBI  (YCTAaHOBKHM  Oarimaka)
npuHuMaeTcst Ha 10-20 M BbIllle OKOHYAHUS 30HBI KPEIUJICHUS (30HbI COBMECTHUMBIX
yCIIOBUI), HO HE BBbIIIE TJIyOMHBI Hayana CIEIYIONIEH 30HBI COBMECTHUMBIX
YCJIOBHUM.

8. [ImoTHOCTH OypOBOTO pacTBOpa, MPUMEHSIEMOTO MpU OYypPEeHUH B JAHHOM
30HE KPEIICHHUS, T0KHA HAXOUTHCS B Mpe/iesiax 30HbI COBMECTUMBIX YCIIOBUN U
OTBEYATh CIEAYIOIIMM TpeOOBaHUSAM: [JIsl CKBaXHH TiyomHoil 101200 ™
THAPOCTATHYECKOE JaBJICHHE B CKBaXKWHE, CO3/1aBacMO€ CTOJIOOM OypOBOTO
pacTBOpa, MOKHO MPEBBINIATH IIacToBoe Ha 10-15 mpoueHToB, a Jyisl CKBaKHH
rnyounot > 1200 M — Ha 5-10%. OTKIOHEHUS OT YCTAaHOBJIEHHOM IIOTHOCTU
MPOMBIBOYHOM JKUJIKOCTH ISl €€ 3HaueHui 10 1,45 r/em® He JOMYCKaIOTCsl 0OJIbIIIE
gem Ha 0,02 r/em’, a st 3Hauenwii Boime 1,45 r/em® — He Gosee yem Ha 0,03 r/em’
(o 3amepam OypoBOTO pacTBOpPa, OCBOOOKICHHOTO OT rasa).

OnpeneseHne YMC/I1a KOJOHH U IIyOMHA MX CIyCKA
B KOHCTPYKIMIO CKBa)XMHBI MOTYT OBITh BKJIFOUEHBI CJIEAYIOIIUE THUIIbI
0o0CaJHbIX  KOJIOHH: HampaBJeHUE;  KOHAYKTOp;  TEXHHMYECKas |
DKCIUTyaTallMOHHAsT KOJIOHHBI. KOHIYKTOp ¥ OJKCIUTyaTallMOHHAs KOJIOHHA,
ABJIAIOTCS ~ O0sI3aTeNbHBIMM ~ TpU  JIOOOM  KOHCTPYKIIMM  CKBAa)KUHBI.
[TpoMexyTouHass KOJOHHA TPOEKTUPYETCS TMpH HAIWYUM WHTEPBAJIOB,
HECOBMECTHUMBIX IO YCIOBUSIM OypeHHs, a TaKKe MpPU CYIIeCTBOBAHUH 30H
OCTIOKHEHUH, KOT/Ia IPYTHE CIIOCOOBI MX JIMKBUIALMN HE AI0T MOJIOKUTEIBHBIX
pe3ynpTaToB. Ecin HampaBieHHe HE MPOEKTHUPYETCS, TO HEOOXOIUMO PEIIUTh
BOTIPOC O CO3JIaHUM 3aMKHYTOTO IMKJIAa [UPKYJAIHUHA MPOMBIBOYHOMN KHIIKOCTH
npu OypeHuu mnojJ KOHAYKTOp. ['nmyOMHa crmycka HampaBiieHHs COCTaBISET
HECKOJIbKO MeTpoB (0T 3-5 10 15-30 m). ['mybuna  cmycka
KOHAYKTOpPa JJOJKHA 00€CIIEYUTh BBITTOJHEHUE HECKOJIBKUX YCIOBUM:
1. mepexpbITHE BCEH TOJIIIH PHIXJIOr0 HEYCTOMUMBOIO MHTEpBaja pa3pesa;
2. pa3001eHre BOJIOHOCHBIX TOPU30HTOB, 3aJIETAIONINX B MHTEpPBaje CIIycKa
KOH/IYKTOpa;
3. yCTaHOBKY Ha YCTh€ MTPOTUBOBHIOPOCOBOTO 000PYIOBAHUS;



4. @Opu HaIMYUM HECOBMECTHUMBIX HHTEPBAJIOB BO3MOXHOCTh HUX
pa3aeaeHus.
['myOuny cycka KOHAyKTopa H, ompeaesieM mo ¢hopmylie:
H, > P,,—-001-L-y,
AP.,—0,01-7,
riae P,, -MakCUMaJIbHOE IIacToBOE AaBieHue, Mlla;
L — riryOuHaA CKBaXKUHBI, M;
7o — TUIOTHOCTbD IIJIACTOBOTO (hJIrOU1a, r/em’;

AP,, — TPaJIMCHT JABJICHUS TUAPOPA3PHIBA TOPO]] B MHTEPBAJIEC YCTAHOBKU
nocyeayromieit kononusl, MIla/m.

I'myOuHa crycka mpoMexXyTOUHBIX (TEXHHUUYECKUX) KOJIOHH ONPEeesaeTcs
IyOMHOM 3ajieTaHusi HECOBMECTUMBIX IO YCJIOBHSIM OYpEHUS WHTEPBAJIOB WIIH
IyOMHHOW WHTEPBAIOB, OCJOKHCHHBIX TIOTJIONMICHUSMH, TPOSBICHUSIMHA W
oOBasiaMu.  BO3MOXEH  CHyCK  HECKOJbKMX  TEXHHUYECKHUX  KOJIOHH.
OKcIutyaTallmoOHHasi KOJOHHA, KaK MPaBWJIO, OIYCKAaeTCs J10 3a00si CKBa)KWHBI,
MEPEKPHIBAS BCE MPOLYKTUBHBIE TOPU3OHTHI.




1

| | P ! VAPComwpa T Ml ALIYAND AAN MW
Mila LAY I SRPANO WA AP

AR SIERN TS
LD e

L 't ";
5

H

—

Aarvddinve :
9 QPO W LYY
.

ok apcew
L

L aelwnm, =
ralENSD
Sardnne
AN
A
T aowtwiin'ven
L L S T

Cwponsya
Doy an

TPARSEN R RAIINI I FR I I IRSE

fanw
ALE | L p—————

Janne vt X
| Bl acemany | AT 454
o] .

FLE

AN

SN ——

A
Torms
]
»

"N -

{ 1053 4 -

12 JA
FEL ) -{ Ny ity

TALE —iad

LS. /W

e ALY ."_: 1044

A

um-—.u"tr- A

Naecwm

be LR

Coweloa

s

Mrrwiash M4 N4 4

Y4 r__._—_..
HANEAW wuisd Wy
- AL e il
»
[ 258 Ay MEN
| Wi

W+

1045 4

IRT 7Y

FLINE

019 - - -
. ¥ 14
Hw ,ﬁt’
[# 1’1 1T Teees 3
Bb100op uHTEpBaJIOB IIEeMEHTUPOBAHUSA
B cooTBercTBHEM ¢ TpeOOBaHUSMH TMPABHJI OE30MACHOCTH B HEPTIHOW W
ra3oBOM MPOMBINUIEHHOCTH TPEAYCMATPUBAIOTCA  CICAYIOIIME HWHTEPBAJIbI
LIEMEHTHUPOBAHMUS:
1.HanpaBneHWe, KOHAYKTOP, NOTaMHbIe KOJIOHHbI LEMEHTUPYHOTCA Ha
BCHO ANINHY;
2.NPOMEXKYTOYHbIE N IKCNAYaTaUMOHHbIE KONOHHbI LLleMeHTUPYIOTCA C
yyeTom nepekpbiTnsa balimaka npeaplayluien KONOHHbI Ha BbICOTY He
meHee 150-300 m ansa HedTAHbIX CKBAXXMH M He meHee 500 m anA
ra30BbIX CKBAXKMH.
OmnpenesieHue 1MaMeTpPOB 00CATHBIX KOJIOHH M CKBAKUHBI MO KAXKIYI0
KOJIOHHY
Pacuer nuameTpoB 0OCaHBIX KOJIOHH U CKBKHHBI OCYIIECTBISICTCS CHU3Y
BBepX. [IpM 3TOM HCXOAHBIM SBISETCA OUAMETP SKCILIyaTallMOHHOM KOJIOHHBI,

KOTOpBIﬁ IMPUHUMACTCA B 3dBUCHUMOCTHU OT OXHUAACMOI'O IIPHUTOKA U YCJ'IOBI/Iﬁ
OHpO6OBaHI/I$I, 9KCILTyaTallu 1 pEMOHTAa CKBaXHUH. HpI/I 3aKaHYMBaHHHN CKBAa’XHWHBI

Teowne




OTKPBITBIM CTBOJIOM 3a JWAMETP 3JKCIUIYaTallMOHHOW KOJIOHHBI MPUHUMAETCS
JAAMETP OTKPBITOro CTBOJIA. PexoMeHayeMble IuaMeTpbl JSKCIUTyaTallMOHHBIX
KOJIOHH B 3aBUCUMOCTH OT JIeOUTa MpuBeIeHbI B Tabule 1.

Tabnuya 1 Pexomenodyemvie ouamempul IKCHIYAMAYUOHHBIX KOJOHH

HedrsHas ckBaxknHa ["a3oBasi ckBaXKMHA
CyMMapHbIit OpHUEHTUPOBOYHBI CyMMapHbIit OpHUEHTHUPOBOYHBI
neouT, M3/CyT i muameTp, MM JIEOHT, THIC. i muameTp, MM

M/cyT
<40 114,3 <75 114,3
40-100 127,0; 139,7 75-250 114,3-146,1
100-150 139,7; 146,1 250-500 146,1-177,8
150-300 168,3;177,8 500-1000 168,3-219,1
>300 177,8; 193,7 1000-5000 219,1-273,1

JlnaMeTp CKBaXWHBI IO SKCIUTYaTaIlMOHHYIO KOJIOHHY PacCUYUTHIBACTCS C
y4€TOM TabapuUTHOrO pazMepa KOJIOHHHI (TI0 MypTaM) U PEKOMEHAYEMOTro 3a30pa
MeXIy MydTOH ¥ CTEHKaMU CKBXKHHBI, KOTOPHIE TIPUBEICHBI B TA0HIIE 2.
Tabnuya 2Munumanvras oonycmumas pasHocms OUAMEmpo8 CME0JIA CK8ANCUHbL
u myghmol 00Ca0HOU KOJIOHHBL

HomMmuHanbHBIN Pasznocth HomunHanbHBIN Pasnocts
JTAaMETP JTUAMETPOB 2 A, JTAAMETP JIUAMETPOB 2 A,
oOcaHOU MM o0cagHoOM’ MM

KOJIOHHBI, MM KOJIOHHBI, MM
114,3 273,1
127.0 150 208.5 350
139,7 323,9
1461 20,0 426.0 35,0-45,0
168,3
2445 25,0

B naneHeiinieM auaMeTpbl BEIOMPAIOT U3 YCIOBHI MPOXOAMMOCTU JIOJIOT BHYTPH
npeabIayleld KOJOHHBI U MPOXOJMMOCTH TOCIEAYIOMIEH KOJIOHHBI C PEKOMEH-
IyEMBIMU 3a30paMHU.

Bo Bcex ciywasix, Korga 3TO BO3MOXHO, HEOOXOAMMO CTPEMUTHCA K
YOPOUIEHUIO KOHCTPYKLIMHM CKBOXMHBI W YMEHBIICHHUIO €€ METaUIOEMKOCTH,
HaIpUMep, 3a CYET YMEHBIICHHS YKMCIIa KOJIOHH, YMEHBIICHUS! TUaMETPOB KOJIOHH,
YMEHBIIICHUSI PEKOMEHYEMbIX 3a30pOB WJIM NMPUMEHEHUs TPyO ¢ 0e3My(dTOBBIM
COCIMHEHUEM.

Juametp nonora D, 1t OypeHus MO SKCILTyaTalMOHHYIO

(MpOMEKyTOUYHYI0) KOJIOHHY paccuuThiBaeM 1o gpopmyine: D, =D,, +2A ,

rae D, — Hapy>KHbIH quameTp MyQThl 00cagHOW TpyObl, MM; 2A — Pa3HOCTh
JIMaMETPOB CTBOJIA CKBXKUHBI U MY(PThl 00CaTHON KOJIOHHBI, MM.

[To 'OCT 20692 — 75 npuHuMaeM Omkalliuil AMaMETP J0JI0Ta, B CTOPOHY

YBEJINYECHHUS.

BuyTtpennuii nuametp kouaykropa Dy onpenensercs no ¢popmyse:



Dy=D,+(6-8), MM
rne D, — auameTp m0510Ta MoJT AKCILTyaTaIlMOHHYIO (TIPOMEKYTOUHYIO)
KOJIOHHY, MM;
6-8 — 3a30p 11t CBOOOIHOTO MPOXOA JOJI0Ta BHYTPU KOHIYKTOPA.
Br100p 00camHbIx TpYO ISl KOHAYKTOpA MPOU3BOAMTCS TI0 PE3yJIbTaTam
pacuéra u3 TabJuIIbI 3.

Tabnuua 3

OcHosHble pazmepsl (8 MM) 00CAOHBIX MYO U COeOUHUMENbHBIX MYDM K HUM NO
I'OCT 632-80

Jlnamnazon .
Hapyxnb1i1
BAPbUPOBAaH
Tonmuua TAAMETP
Hapyxu us .
. CTCHKHU TPYOBI COCIMHUTEIHHOMN Tonmmuna
BIii BHYTPEHHET
My ThI CTEHOK
IUaMEeTP 0 IhameTpa .
obcaiHoM
o0caaHO MaKcHu YMEHb
. MUHH- TPYOBI
1 TpyOBI - HOPMAaJIbH -
MaJibH OT 10 .
MaJIbH bIl IIEHH
A as 19171
127,0 5,2;5,7,6,4,
114,3 5,2 10,2 |103,9| 93,9 (133.0) 123,8 7.4: 8.6: 10,2
141,3 5,6;6,4;7,5;
127,0 5,6 10,7 |115,8 | 105,6 (146.0) 136,5 9.2: 10,7
153,7 6,2;7,0; 7,7,
139,7 6,2 10,5 |127,3|118,7 (159.0) 149,2 9.2:10.5
6,5, 7,0;7,7;
146,1 6,5 10,7 |133,0|124,6 166,0 156,0 8.5:9.5: 10,7
7,3; 8,0; 8,9;
168,3 7,3 12,1 | 153,7|144,1 187,7 177,8 106 12.1
194 5 5,9;6,9; 8,1;
177,8 5,9 15,0 |166,0|147,8 (198’0) 187,3 | 9,2; 10,4; 11,5;
’ 12,7;13,7; 15,0
7,6; 8,3; 9,5;
193,7 7,6 15,1 |178,5|163,5 215,9 206,4 10.9: 12.7: 15.1
6,7, 7,7, 8.9;
219,1 6,7 14,2 | 205,7 | 190,7 244.5 231,8 10,2; 11,4,
12,7; 14,2
7,9; 8,9; 10,0;
2445 7,9 15,9 |228,7|212,7 269,9 257,2 11,1; 12,0,
13,8; 15,9
7,1;8,9; 10,2;
273,1 7,1 16,5 |258,9|240,1 298,5 285,8 11,4;12,6;
13,8; 15,1; 16,5
298,5 8,5 14,8 |281,5|268,9 323,9 - 8,9;9,5; 11,1;




12,4; 14,8
8,9; 9,5; 11,0;
323,9 8,5 14,0 |306,9 | 265,9 351,0 - 12.4: 14.0
8,4;9,7;10,9;
339,7 8,4 15,4 |322,9 |308,9 365,1 - 12,2; 13,1,
14,0; 15,4
351,0 9,0 12,0 |333,0|327,0 376,0 - 9,0; 10,0; 11,0;
12,0
377,0 9,0 12,0 |359,0|353,0 402,0 - 9,0; 10,0; 11,0;
12,0
406,4 9,5 16,7 |387,4|373,0 431,8 - 9,5;11,1; 12,6;
16,7
426,0 10,0 12,0 |406,0|402,0 451,0 - 10,0; 11,0; 12,0
473,1 11,1 - 450,9 - 508,0 - 11,1
508,0 11,1 16,1 |485,8|475,8 533,4 - 11,1;12,7; 16,1
Ilpumeuanue: B ckoOkax ykazaH Hapy>KHbIH quaMeTp Myt J71st TpyO
VCIOJIHEHUS b.

BI)I60p AuaMCeTpa J0J0Ta 110 KOHAYKTOP ITPOU3BOAUTCA aHAJIOTHUIHO
BI)I60py AUaMCTPY J0J0Ta 10 SKCINITYAaTaAllMOHHYIO KOJIOHHY.

IIpakTnueckas padora NelS
PACYET I''1YBUHBI CITYCKA KOHAYKTOPA
2 qaca
1.Hesn padoThl

[IpnoOpeTeHue NpakTUYECKUX HABBIKOB pacyeTa MUHHUMAJIbHON IIyOMHBI CIyCKa
KOHJYKTOpa U3BECTHBIMH CIOCOOaMU

2.00ecnneuynBamomiye cpeacraa
2.1.Metoanueckue yka3aHus

3. 3aganue
3.1.PaccunTaTaTh MUHUMAJIbHYIO [IYOHHY CIIyCKa KOHIYKTOpa U IO
YCIIOBUSIM MECTOPOXKACHUSI ONPEEIUTD INTyOUHY €ro CITycKa
4. TpeGoBaHus K 0TUETY

4.1. Homep paboTbl
4.2. PacueTsl
TexHoJi0rusi BHINOJHEHUS

['myOuHa crycka KOHIYKTOpa ONpeees TCs TpeOOBaHHEM KPETUICHUS BEPXHUX
HEYCTOWYUBBIX OTJIOKCHHH W M3OJIAIMH BEPXHUX BOJOHOCHBIX M TOTJIOMIAIOIINAX
rOpu30HTOB.MUHUMAaIbHAs TIyOWHA CIycKa KOHJYKTOpAa HUCXOJsS W3 YCIOBHS
NPEAyNPeKIACHUS  THAPOpa3pblBa  IMOPOJ B ClAydae  HEYIPaBISIEMOTO
(dboHTaHUPOBAHMS OTIPEACIIACTCS 1O HOPMYJIC :

H> Prun—10°* L*py/ APrp—10 ° * py, M, (1)



rae P - mnacroBoe maBiaenue , MIla;

L — npoekTHas riiyOuHa CKBaXXUHBI, M

APTp — rpaaueHT gaBiaeHusl ruapopaspsiBa mopoia, MIla* wm,
P¢ - INIOTHOCTB IIACTOBOTO (MIIIOKIA r/em®.

Pacyer  MHMHUMaJbHOW  TJIyOMHBI  CIyCKa  KOHJAYKTOpa W3  YCJIOBHH
npenotepamieHus ['PIT npu 3akpeiTun ycThsi. B ciiydae BO3MOXKHOTO OTKPBITOIO
(OHTAaHWPOBAHUS TIPU TOJTHOM 3aMEIICHUN CKBAXHHHOH JKUIKOCTH (IIFOMIOM
paccumMThIBaeTCs 1Mo hopmyIie:

105* P, *L
095*r,, *L-105(P,-P,) (2)

H,

I'1pn - TPAAMEHT TUAPOPA3PBIBA TIOPOT ;

P, - TUTacTOBOE JaBJICHUS MPOSBIIIONINECS B TUIACTE;

P, - ycteeBoe naBnenue mnpu 3akpbiToM [1BO (110 mpoMBICIOBEIM JaHHBIM);
L - rimyOuHa CKBaKMHBI

Hcxoanble JaHHDBIE AJ15 pacucTa

Ne | I'myOuna HaBnenus, | pgp, pp .| APrp,
CKBa)KMHBI, M Kre/cm’ r/em® r/em® | kre/em®
Prin Py
1 2450 283 79 |1,08 0,818 | 0,18
2 2500 235,1 | 58,4 | 1,09 0,707 | 0,20
3 2550 253 | 180 |1,10 0,818 | 0,25
4 2600 217,2 | 50.1 | 1,11 0,707 | 0,18
5 2650 280 90 1,12 0,818 | 0,20
6 2700 276 73 1,13 0,707 | 0,25
7 2750 283 79 | 1,14 0,818 | 0,18
8 2800 235,1 | 584 | 1,15 0,707 | 0,20
9 2850 253 | 180 |1,16 0,818 | 0,25
10 2900 217,2 | 50,1 | 1,17 0,707 | 0,18
11 2950 280 90 1,18 0,818 | 0,20
12 3000 306,9 | 80,7 | 1,19 0,707 | 0,25

Paccuutaem riyouny crycka o 1 hopmyne

H> P - 10 °* L*py/ APrp — 10 * p, =

315 -10 °*2935*0,818/0,2 - 10 ° * ).818 = 1582 M
['myOuna crycka koHaykTopa kak npaBuwio 300 — 800 M, mpu OypeHHU CKBaKUH
C TOPU30HTAJIBHBIM BXOXKJEHUEM B IJIACT NPUMEHSIOT YIJIMHEHHBIM KOHAYKTOP
no riyounsl npumepHo 1000- 1100 m .CorjnacHo HamMM JTaHHBIM Ha OypeHue
CKBOXKHMHbI, HECOBMECTUMBIX YyCIOBUW OypeHHs HET, MO03TOMYy IJIyOMHa
KOHJYKTOpa MO JaHHOM (opmyse, BeIHMKa, BO3MOXKXHO IMPU HECOBMECTHUMBIX
YCIIOBUSIX Ha TaKyIO MIYOMHY CITyKaeM MPOMEXYTOYHYIO KOJIOHHY.
PaccuuTtaem riyOuHy ciiycka KOHIYKTOpa 1o ¢popmyse 2



H> 1,05* Py* L/ 0,95 * APrp* L- 1.05 * (Prux — Py) = 1,05 * 84,7*%2935/ 0,95
*0.2* 2935 - 1,05 *( 315-84,7) =828 m

[lo mpaBunam Oammak KOHAYKTOpa JOJDKEH OBITh YCTAaHOBJIEH B IIOTHBIC
HEMIPOHUIIAEMbIE  TOPOJbI, CMOTPUM  JIMUTOJOTO —  CTPAaTUrPaPUUYECKYIO
XapaKTEepPUCTUKYCKBAXKUHBI ( 110 IEPBOM MpakTHieckoil padore). B unrepnane 8§28
M HaxoJATcs MECUYaHWKH, MOITOMY OIpeiAeiseM TyOuHY CIycKa KOHIYKTOpa B
TJIMHBI IOKYPCKOM CBUTHI Ha TIIyouHy 875 M.

IIpakTu4yeckas padora Ne 16
BbIBOP U OBOCHOBAHUE CITOCOBA IEMEHTUPOBAHUASA
CKBAXKHH
2 gaca
1.Iesnb padoThI
[IpnoOpeTeHne mpaKkTUYECKUX HABBIKOB BbIOOpa W O00OCHOBaHMS croco0a
[IEMEHTHUPOBAHUS
2.00ecnieunBamone cpeacTaa
2.1.Metoanueckue yka3aHus
3. 3apanue
3.1.Bb1OpaTh 1 000CHOBATH CIIOCOO IIEMEHTUPOBAHMUS
3.2. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI
4. TpeGoBaHus K 0TYETY

4.1. Homep paboThI
4.2. PacueTsl
4.3. OTBeTHI HA BONIPOCHI

TexHos0rust BHINOJIHEHHS
[Ton cnocoOoM LIEMEHTHPOBAHMUS MOHMMAETCS CXEMa JIOCTaBKU TaMIIOHAaXHOU
cMecH B 3aTpyOHOe mpocTpaHCTBO. [lo 3TOMy mNpuH3HAKY BBIIEISIOT HECKOJIBKO
CIOocOO0B  IIEMEHTUPOBAHUS OOCAJHBIX KOJIOHH: NPSAMOE OJHOCTYIEHYAToe,
npsMoe  JBYXCTyNeHYaToe, MaHXEeTHOe, O0OpaTHoe, KOMOWHHUPOBAaHHOE
LEMEHTHUPOBAaHNE XBOCTOBUKOB U CEKIUH.

1. Cmoco®6 mpsSMOro OJHOCTYNEHYATOTO IIEMHTHUPOBAHHS IPEIOJIaraeT
JIOCTaBKy TaMIIOHa)XHOM CMeCH B 3aTpyOHOE MPOCTPAHCTBO M3 0OCaIHOM
KOJIOHHBI Yepe3 OalliMak B OJJUH MPUEM.

2. Ilpsimoe JBYXCTyNEHUYAaTOE IIEMEHTUPOBAHWE TO3BOJIAET OCYIIECTBIATH
JI0OCTaBKy TaMIIOH&)KHOM cMecH B JBa mpuema ( CTyNeHH) C TOMOIIBIO
cnenuanbHo My(dThl ( MydTa cryneHwyaroro uemeHtupoBanus MCLI) u
nakepa ( m3onupytomuit makep I[IXI]) , ycraHaBauBaeMbIMU Ha pacueTHOM
riyonHe mo JiauHe o0cagHoil KonoHHBI. Ilpu 3ToM mepBas cryneHb (
HIDKHUH WHTEpBal 00CaJHOW KOJOHHBI OT Oammaka g0 My(ThI)
HEMEHTHpYeTCs uepe3 Oanmak o0caaHON KOJIOHHBI, @ BTOpasi CTYIEHb Yepes
orBepcTusi B Mydte. Hcnonp3oBaHue JBYXCTYNEHUaTOro MeToja
HEMEHTUPOBAHUS TO3BOJSET 3HAYUTENBHO CHU3UTH JaBJICHHE Ha TOpPHBIC
HOPOJIbI U IPEIOTBPATUTH UX THIPOPa3PhIB.



3. Cnoco0 MaHXETHOr0 LEMEHTHUPOBAaHUS 3aKI4YaeTcs B TOM, UTO

TaMIIOHAXKHAasi CMECh TIOCTyHmaeT B 3aTpyOHOE MPOCTPAHCTBO Yepe3
OTBepCTUs crell. My(QThl WJIA MaHXETbl M  3aloJHSET €ro TOJbKO B
WHTEpBaJe , PACIOJIOKEHHOM BBIIIE HMHTEpPBaJa YCTAHOBKH MY(THI WM
MaHxeThl. HukHUI nHTEpBan He 1eMeHTUpyeTcsaiCrnocol peaau3yeTcs: Tak
K€ Kak BTOpasi CTYNEHb JBYXCTYIIEHYATOro leMeHTHpoBanud. [Ipu nannom
cnoco0e  MCKIIIOYaeTcss  3arps3HEHHEe  MPOAYKTUBHOTO  TOPU30HTA,
HaXOJSIIErocs HIDKE crel. MyQThl WM MaHXXEThl, TAMIIOHAKHOM CMECH.
[TpumensieTcs pu IIEMEHTUPOBAHUY CHIIBHO IPSHUPOBAHHBIX HHTEPBAJIOB.
Crioco6 00paTHOTO LIEMEHTHUPOBAHUAIIPEAIONAraeT 3aIMBKy TaMIOHAXHOU
CMECH HEIMOCPEJICTBEHHO B 3aTPyOHOE MPOCTPAHCTBO C MOBEPXHOCTU YEPE3
crenuaibHOE ycTheBOe oOopyaoBaHue. IIpu naHHOM criocoOe yckopsieTcs
IPOIECC JOCTaBKA TaMIOHAXKHOM CMeCH B 3aTpyOHOE MPOCTPAHCTBO H
CHU)KAETCs JIaBJICHUE Ha TOPHBIE MOPOIbI.

KoMOunupoBaHHblii crioco06 coBMmemaer mpsiMo (  OIHO — WU
JBYXCTYIIEHYAThI{) CHOCOO  IIEMEHTUPOBAaHUS  HI)KHETO  HMHTEpBaja
00caJiHOM KOJIOHHBI ( 10 MOTJIOLIAIOUIETO IJIacTa) U OOPATHBIN crlocod «Ha
MOTJIOIIEHNUE» OCTABIIIETOCS UHTEPBAIA.

Crioco0 1IEMEHTHUPOBAaHUSA XBOCTOBUKOB M CEKIMH OOCagHBIX KOJOHH
MPUMEHSIETCS MPU UX CIYCKE B BUJE XBOCTOBHUKOB WM cekuuid. [Ipu stom
XBOCTOBUKH W HIDKHHE CEKIIMHM CIIYCKAIOTCS B CKBAKWHY Ha OYPHIIBHBIX
Tpy0ax C IMOMOIIbI CHEUUATBHOIO IMEPEBOJHUKA. TaMIIOHaXXHAs CMECh
JIOCTABJISIETCSL B 3aTpyOHOE MPOCTPAHCTBO MO OYypWiIbHBIM TpyOaM U
BHYTPEHHEH IMOJOCTH XBOCTOBHMKA Uepe3 OaliMak, Mociie 4ero OypuiibHbIE
TPyOBl OTCOEIMHSIOTCA M W3BJICKAIOTCS Ha MOBEPXHOCTh. BepxHsis cekums
00CaHOIN KOJIOHHBI IIEMEHTUPYETCS TaK K€ uepe3 OallMak 3TOW CEKIHH,
KaK TP OJHOCTYIIEHYaTOM [IEMEHTHPOBAHUMU.

[Ipu BbIOOpE TOrO WIJIM HMHOTO CHoco0a I[EMEHTUPOBAHUS HEOOXOIUMO
PYKOBOJICTBOBATbCS , C OIHOM CTOPOHBI, TOPHO — TEXHUYECKUMH
YCIOBUSIMH, C IPYrOd — TEXHOJOTHYHOCTBIO CIIOCO0a U €ro KaueCTBEHHOM
pe3yNbTaTUBHOCTHIO. Cpel MEepeurciIeHHbIX CIOCO00B LEMEHTHPOBAHMUS
HAWJTy4IIeH TEXHOJIOTUYHOCTHIO oOnanaer croco6 IpsIMOTO
OJTHOCTYII€HYATOr0 LIEMEHTUPOBAHUSA, K TOMY € IPU ITOM CIOCOOE MOKHO
MOJIy4yuTh HamboJiee BBICOKOE KauecTBO pazodmieHus . [losromy crocob
OJHOCTYTIEHYATOTO IEMEHTHPOBAHUS BCET/a MPEANOUYTUTENbHEE JPYTUX
CIocO0OB, €Cclii MPUMEHEHUE MOCIEAHUX HE BBI3bIBAECTCS HEOOXOAUMOCTHIO
[0 TOPHO — TEOJIOTUYECKUM yCIoBHsIM. Tak , eciu B KOHCTPYKIIMH
CKBOXHMHBl ~ NPEIYCMOTPEHO  OCTaBJICHHE MPOJYKTUBHOIO  OOBEKTa
HELEMEHTHUPYEMbIM , TO €CTECTBEHHO , YTO B JJAHHOM cCllydyae He0oOXOIUMO
WCITOJIb30BAaTh MAHKETHBINM CITOCOO IIEMEHTHUPOBaHUs. Eciii B KOHCTPYKITUU
CKBKHMHBI MPETyCMOTPEH CITYCK KOJIOHHBI XBOCTOBUKOM WJIM CEKIIHSIMU, TO
BO3HHMKAET HEOOXOJUMOCTh M B I[EMEHTHPOBAHUH COOTBETCTBYIOIIUM
criocobom. Crioco0 0OpaTHOTO IEMEHTUPOBAHUS PEKOMEHAYETCS MPH ISt
3aJIMBKU KOJIOHH HEOONbIIoN 1iuHbl ( KOHAYKTOp) .KomMOuHMpOBaHHBIM



croco0 MPUMEHSIETCA NPU HAJIMYUU B CpPeHEH YacTu pa3pe3a WHTCHCHBHO
MOTJIOUAOIINX TOPU30HTOB.

Takum oOpa3om , aHaNM3UPYsd HAIMYUE TEX WM HHBIX TMEPEUUCICHHBIX
TOPHO — TEXHUYECKHX YCJIOBHUH, BBIOMPAIOT COOTBETCTBYIOIIMI CIIOCOO
neMeHTupoBaHusi. [Ipy OTCYTCTBUM TaKOBBIX YCIOBUM HEOOXOIUMO
MPUMEHSTH OJIHOCTYIIEHYATHIN CIIOCO0.

Crroco0 [eMEHTHPOBAHHS BRIOMPASTCS B 3aBUCUMOCTH OT BEJTMYHHBI
kod(durmenta 6e3omacaHoctu Kg

_ PO
K6_ Prp

Py- pacueTHOe naBieHHME B KOHIE IIEMEHTHPOBaHMA y OaliMaka CITyLIEHHON
KOJIOHHBI KIc/cM’

Prp- aBIeHre THAPOPA3PHIBA [IACTOB HA TOM K€ TIIyOHHE KIc/CM~ .

Ecmm Kg > 1,0 , TO memeHTMpOBaHHE MNPOU3BOJIMUTBHCA B JBE CTYIEHH C
MCIIOJIb30BaHUEM 3aKOJIOHHOTO M30JIMPYIONIETO Makepa Wid MyQThl CTYIIEHYATOrO
uementupoBanusa. Ilpu 0,95 < Kg<1,00 nemeHTHpOBaHHE NPOU3BOAUTCSA C
00s13aTEIbHBIM ~ BBITIOJIHEHUEM  CIEIUATBHOTO KOMIUIEKCAa MEPOTNPUITHIA 10
npeaoTBpalieHu0  rugpopaspseiBa 1iactoB. Ilpu Kz <0 ,95mposenenme
LEMEHTUPOBAHUS MPOU3BOJUTCS B HOpMAIbHOM pexuMe. [IporHo3Hoe 3HaueHHe
JABJICHUSI THAPOPA3pbiBa ( JABJICHUS TMOTJIOMICHUS TaAMIIOHAKHOTO pacTBopa ) Y
Garmaxa 06CaIHOM KOJOHHBI COCTABISIET , KIC/CMY;

Pr.p =epao Pep * H
3nauenue Py onpenensercsa no popmyie
Py=Pc.3.+AP ,rne

Pr.3- ruapocratuueckoe JaBlICHHE B 3aTpyOHOM MPOCTPAHCTBE B KOHIIE
IEMEHTHPOBAHHS HA TITyOHHE CITyCKa KOJOHHBI ( 110 BEPTHKAIH), KI'C/CM?;

AP - TUJPABIMYECKUE TOTEPU JABJIECHUS TMPU ABUKECHUU KUJIKOCTEU B
3aTpyOHOM TIPOCTPAHCTBE B KOHIIE IIEMEHTHpOBaHMs( MO JIuHE cTBOoMa L),
Krc/cM?;

Pep — CPEAHAA IIOTHOCTH LIEMEHTHOT'O PacTBOPA r/em’;

g — yCKOpeHHe CBOOOHOTO TaICHHUS.

, rae

AP =0,1 % Pr3 ¥pg, * *=
g Dk-D
KoHTpoJibHBIE BONIPOCHI

1. TlonsiTHEe TUIPOCTATUYECKOE JaBJICHUE B 3aTPYOHOM MPOCTPAHCTBE B
KOHIIE [IEMEHTUPOBAHHUS
[ToHaTHe rpaueHT JaBJICHHS THAPOpPA3phIBA IJ1ACTa.
[lepeuncnure Bce U3BECTHBIE CIIOCOOBI IIEMEHTUPOBAHUS CKBAKHH
ManxeTHOE [IEMEHTUPOBAHUE
Kakue ycrpoiicTBa ( mpucrocoOaeHus UCTIONB3YIOT I TPOBEACHUS

ABYXCTYIICHYATOr'0 HEMCHTUPOBAHUSA

ahwi



IIpakTuueckas padbora Ne 17

PACUYET T'MAPABJIUYECKOM IPOIr'PAMMBI HEMEHTHUPOBAHUS
2 4aca
1.Ileas padoThI
[TpuoOpereHue NpakTUYECKUX HABBIKOB pacyeTa THAPABIMYECKON MpOrpammbl
LEMEHTHUPOBAHUS
2.00ecneynBaKOIIMe CPeICTBA
2.1.Meroanueckue yka3aHus
3. 3ananue
3.1.13yunTh peKOMEHJAalNH 110 PACYETY THAPABINYECKON MPOrpaMMBbl
LEMEHTUPOBAHUS
3.2. OTBETUTH HA KOHTPOJIBHBIE BOIIPOCHI

4. TpeGoBaHus K 0OTHETY
4.1. Homep paboTbl
4.2. PexoMeH1alu AJid pacuera
TexHos10rus1 BHINOJIHEHUS
['wapaBnudeckass mOporpaMMa  LEMEHTUPOBAaHHUS  NPEANOJAracT  peuieHue
CJIEIYIOLIUX 3a7a4
1. O6ocHoBaHKE cr1OcO0a IEMEHTUPOBAHUS
2. Pacder 00béMa TaMITOHAKHOW CMECH
3. Pacder mI0THOCTH TAMIIOHAKHON CMECH
4. OnpeneneHue MNOTPEOHOTO KOJIMYECTBA COCTAaBHBIX KOMIIOHEHTOB JIJIsi
TAMIIOHAKHOU CMECH

O6ocHoBaHME crnoco0a IEMEHTHPOBAaHUSA OBLJIO TMPOBEICHO B TMPAKTUYECKOU
pabore Nel6

Pacuer 00beMa TAMIIOHAKHOM CMeCH
O0BEM TAMIIOHAXKHON CMECH OTpeesieTcs: 00BbEMOM 3aTpyOHOTO TPOCTPAHCTBA,
MOJITIEKAIIETO [IEMEHTUPOBAHUIO , © 00BEMOM 1IEMEHTHOTO CTakaHa( PUCYHOK 1)

Vtc =V3n + Ver (1)
Pucynoxk 1
[Ipy ueMeHTHpOBaHMM  3aTPyOHOrO  OPOCTPAHCTBA  YAacTO  UCHOJIb3YIOT
TaMIIOHA)KHYK0 CMECh pPAa3HOr0 COCTaBa . B YacTHOCTH , HHTEpBAIl

AKCIUTYaTallMOHHOTO O0BEKTa IEMEHTUPYIOT YHUCTHIM LIEMEHTHBIM PAacTBOPOM, a
BBIIIEICKAIUN HMHTEpPBa — OOJErYeHHOM TaMIIOHAKHOW cMechio ( Hampumep,
rejabplieMeHToM) . Toraa

_ 311
Vin=V",, +Vrn (2)
rae V3n — 00beM 3aTpyOHOTO MPOCTPAHCTBA
V*,»_ 00BEM LIEMEHTHOT'O PacTBOpPA B 3aTPYOHOM IPOCTPAHCTBE
V111 — 00bEM TeJIbIIEMEHTHOTO PacTBOpa.



OObeM IEMEHTHOT'O PacTBOpa B 3aTPYyOHOM MPOCTPAHCTBE COCTABUT
Vip=2*(DZ* DY) *h,,  (3)

rae D — nuameTp CKBayKUHBI

D- napyxHblii AuaMeTp 006caIHOM KOJOHHBI

hy,— BbICOTA ( 1IMHA) CTOI0a LIEMEHTHOTO PAcTBOPA.

B cBoto ouepens D, -k * D, rne K koaddunuent kaBeproznoctu , D, nuamerp

J0J10Ta.

WuTepBan TelbIIEMEHTHOTO pacTBOpa pAacloyiaracTcsi OJHOW  YacThIO B

HEOOCaKEHHOM CTBOJIE, a IPyroil B oOcakeHHOM. [loaToMy 00bEeM IIEMEHTHOTO

pacTBOpa OIpPENETAETCS 110 BBIPAXKEHUIO

Vi =2 * [ (D¢ - D) * Ky + (D2 - DY) * h° ] (4)
rae h°,, - BeICOTA CTON0A TeNTbIIeMEHTa B HEOOCAKEHHOM CTBOJIC
h°., -- BeIcOTa CTOJIO0A TENIBIIEMEHTA B 00CAKEHHOM CTBOJIE
D, BHyTpeHHU# AMaMETp NPEAbIIYIIEH KOJOHHBI.
OO0beM UEMEHTHOTO CTakaHa ONPENEseTCs BHYTPEHHUM O0BEMOM 00CagHOM
KOJIOHHBI B MHTEpBaJIE OT OamMaka 10 KOJIbIla «CTOID»

Ver =4£ *d,2* he, (5)

rne d, — BHyTpeHHHH auaMeTp OOCaJHOW KOJOHHBI B WHTEPBAJIC IIEMEHTHOTO
CTakaHa
h., -BBICOTA LIEMEHTHOTO CTAKaHa.
YacTb LIEMEHTHOIO pPAacTBOpA, OCTABIIIEMOrO0 BHYTPH OOCaJAHOW KOJOHHBI Haj
OamMakoM ( LIEMEHTHBIN CTakaH) , MOCJE 3aTBEPACHUS SIBISETCS HU30JUPYIOIIUM
3BEHOM MEXJy BHYTPEHHEH TMOJOCTbI0 OO0CaAHOW KOJOHHBI M MOPOJaMH,
3aJleralolMMU HIDKE OalllMaka KOJIOHHBL. OJTO MO3BOJSIET MPOBECTU MPOBEPKY
TepMETUYHOCTH KOJIOHHBI( OMPECCOBKOM MJIM CHU)KEHUEM YPOBHS) . KAUECTBEHHOE
UCIIBITAHUE W OCBOEHUE IPOAYKTUBHBIX TOPH30HTOB, a B JaJbHEHIIEM
HOPMAJIBHYIO 3KCIUTyaTauuro. Kpome TOro mpu mpojaBKe LEMEHTHOIO pacTBOpa
npoJaBoyHasi MpoOKa CHUMAET €ro CO CTEHOK OOCagHOW KOJIOHHBI OCTaTKU
IJIMHUCTOTO PacTBOpa, KOTOPBIA MOCTYHAeT B IOCIENHIO MadyKy LEMEHTHOTO
pacTBopa, CHHXasi €ro MPOYHOCTHBIE XapaKTEPUCTUKH. ODTO OOCTOATEILCTBO
TaKKe OOS3bIBAET YacTh LEMEHTHOTO pacTBOpa OCTaBIsATh B  KOJIOHHE.
OpHEHTUPOBOYHO BBICOTY LIEMEHTHOIO CTakaHa MOXHO NpuHATh 10M Ha 1000 M
CKBQ)KHMHBI.

O0muii 00béM LEMEHTHOIr0 PacTBOpa

Vup=V",+Vcr (6)

OO0muii 00LEM TAMIIOHAKHOM CMeCH
V tc=Vip+ Vrn  (7)
PacyeT NJI0THOCTH TAMIIOHAKHOM CMeCH
[11I0THOCTH YUCTOTO LIEMEHTHOI'O pacTBOpa



KomnonenrtamMmu 4uCTOrO OEMCHTHOI'O pacTBOpa ABJIAOTCA HOEMCHT MW BO/Ja.
BecoBoe oTHouieHHe BOAbl K INEMCHTY B PAaCTBOPC HA3bIBAIOT BOAOLICMCHTHBIM
OTHOIICHUEM M

m= 2 (8)

Gn
rne Geu G — COOTBETCTBEHHO BEC BOJIBI U IIEMEHTA.
B 00mem Bujie MIIOTHOCTH IEMEHTHOTO pacTBOpa paBHa

_ Gup (9)

Pup= V_up
rne G mp-Bec EMEHTHOTO pacTBOpa
V 11p —00bEM [IEMEHTHOT'O pacTBOpa
B cBoro ouepenpy G np= GB + G, (10)
V up = VB + Vi, (11)
rae GB , GI1 — COOTBETCTBEHHO BEC BOJIBI M IIEMEHTA B PACTBOPE
VB, V11 - COOTBETCTBEHHO 00BHEM BOJIbI U IIEMEHTA B paCTBOPE.

V=22 0 vp=2 (12)
Py ps

TJIC Py ¥ Py -COOTBETCTBEHHO TUIOTHOCTH BOJIBI U IIEMEHTA.
U3 (8) cnenyet , utro GB=m * Gi1 ¢ yuetom 3toro ( 10) u (11) cooTBeTCTBEHHO
MOTYT OBITh 3aIMCaHbI CISAYIOIIAM 00pa3oM

G up= G+ m G = Gig ( 1+m) (13)
Vup:ﬂ 40 - Guy :Gu*(i +ﬂ):Gu(pB+m*pu) (14)
py pB pu  pe pux pB

[Toacrasmsiss G np uz popmyiet (13) B BeipakeHue (9), moaydaeM UCXOTHYIO

(I)OpMyJ'Iy JJIs1 pacqua IIJIOTHOCTHU HEMCHTHOI'O paCTBOpa
_ Gux(1+m)xpuxps
pup= Gux( pB+mx*piy
KOTOpas Mocie nmpeodpa3oBaHus IPUMET CJIeTYFOLIHIA BUJT
(1+m)*puxps
P Tr— (15)
EI[I/IHI/IHI)I H3MepeHI/I5{ IINIOTHOCTHU HEMCHTHOTI'O paCTBOpa OHpeﬂeHﬂeTCﬂ

SAMHUIIAMH U3MEPEHHS TUIOTHOCTH IIEMEHTa M BOJIBI ( F/CMS; KF/MS) .3Ha4YeHue pPII
OepeTcs Mo CIPaBOYHBIM JAHHBIM WJIM IO pe3yJibTaraM (PaKTHUUEeCKHUX 3aMepoB,
3HAYCHHUE BOJAOIIEMEHTHOT'O OTHOIIIEHHS M TpuHUMaeTcs B npeaenax m 0,4 —0,6 .
IL710THOCTH 00JIerYeHHOI TAMIIOHAXKHOI cMecH ( reJIbIIeMEHTHOT0 PpacTBOpPA)
OO6neryeHre TaMIIOHAKHOW CMECH TPOM3BOJMTCS JUIS CHIDKCHHS JaBJICHUS Ha
TOpPHBIC TIOPOJABI BO HM30&KAHWE THAPOPA3PHIBA M IMOCIEIYIONIETO MOTJIONICHUS
pacTBopa.

B cocTaB renpieMeHTHOTO pacTBOpa BXOAUT BOJIA, IIEMEHT U HAITOJTHHTEIb

( TTIMHOTIOPOIIIOK).

[Ipu 3TOM BecoBOE OTHOIIECHUE BOJBI K IIEMEHTY BBIPAYKAETCS BOIOIIEMCHTHBIM
OoTHOIIeHueM M

GB
M=2 (16)
Gn
A BECOBOE OTHOIIIEHUE HAITOJIHUTEIS K OEMCHTY INTMHOICMCHTHBIM OTHOIICHHC B
GH
=— (17)

Gn



(DOpMy.Ha IJL pacducTa IJIOTHOCTU T'CIBIHEMCHTHOTO paCTBOPA BBIBOJAUTCA 110 TOM
KC CXEME , UTO U AJIs YUCTOI'O HEMCHTHOI'O PaCcTBOpa

= o (18)

Pru— -
3amuieM BeC TEIBIEMEHTHOIO pacTBOpa KaKk CyMMY BECOB COCTABJISIOIIMX €O
KOMITOHCHTOB
Gru=Ge+ Gu+ Gu=M* Gu+ Gu+B * Guy= Gu * (M+1+B) (19)

U BBIpa3uM 00BEM Yepe3 UX BEC U TUNIOTHOCTh
GB G, GH _ Mx*Gn Gr, B*G1

Vru=VB+Vin+ Va=— + — + —= + — + =
w4 oo pH  pB py  pH
= *(—+ —+ —
Gu* ( pE  pu  pH ) (20)
[Toacrasmsis 3nauenus Gri u3 (19) u Vri u3 ( 20) B Beipakenne ( 18), momyuum
_ _M+1+B (21)
pru ﬂ+i+ B/u
pB pnt

OCHOBHBIE TPYIHOCTH MHPH KCIOIb30BAHUHU TEIIBLIEMEHTHOTO PACTBOPA CBSI3aHBI C
BBIOOPOM BOJIOIIEMEHTHOTO M U TIMHOLIEMEHTHOro B  oTHomeHuit. Itu
OTHOUIEHUS! B3aMMOCBSA3aHBI, T.K. M3MEHEHUE KOJUYECTBAa IJIMHBI B PacTBOpPE
BBI3BIBAET HEOOXOJUMOCTh M3MEHEHHUS KojudecTBa BOAbl. OIHHMM M3 TJIaBHBIX
KpuTepueB npu BbiOOpe M u B , kxpome 0XHmaeMoro M3MEHEHHs IJIOTHOCTH
ABJIIETCSI PACTEKAEMOCTh TENbIEMEHTHOIO pacTBOpa, XapaKTEepU3yIoLas €ro
MIPOKAYNBAEMOCTb.
JlJis TenblIeMEHTHOTO pacTBOpa Ha OCHOBE MOPTJIAHAIIEMEHTa U OEHTOHUTOBOI'O
MOPOIIKA YKCIIEPUMEHTAIBHO YCTAHOBJIEHBI 3HAYEHHUS IUNIOTHOCTH T'€JIbIIEMEHTA
(pro) ; Bu M npu B = 1:4; 1:3; 1:2: 1:1 u pacrekaemoctu no konycy AsHNUN
paBHOU 18-20 cM. DOKcTpamojidpysi AaHHBIE pPE3yJbTaTbl, MOKHO IMOJIYYUTh
3HaueHuss M g apyrux  3HadeHud B.  PesynpraThl  DKCIEpUMEHTOB U
HKCTPANOJIALMM TpeACcTaBieHbl Ha pucyHke | u B Tabmune 1. [Ipu aTOM nomxyyena
3aBUCUMOCTb

M=0,5+2,2. B (22)
Tabnuua 1

B 0 1:10 1:5 1:4 1:3 1:2 1:1 2:1

Pri 1,84 1,70 1,61 1,58 1,53 1,47 1,38 1,32
( r/en)

PacueTHbIe JaHHbIC MOTYYCHBI IPU 3HAUCHHSIX Py = 1 T/cM ° py= 2,6 T/cM °; Py =
3,15 /em ®,
[leMeHTHO — OEHTOHHUTOBBIE  TaMIIOHAXXHbIE CMECH  MOTYT TOTOBUTHCS IO
HECKOJIbKAM CXEMaM.

1. TmarenbHO NepeMenIuBas CMECh LIEMEHTa W TJIMHOMOPOILIKAa B 3aJaHHOM

OTHOUIEHUH 3aTBOPSETCS NOTPEOHBIM KOJIMYECTBOM BOJIBI.

2. llemeHT 3aTBOpSIETCS TIIMHUCTHIM PACTBOPOM.

3. I'muHOMOPOIIOK 3aTBOPSETCS LIEMEHTHBIM PACTBOPOM.

4. I'TMHUCTBIA PACTBOP COEAUHSETCS C IIEMEHTHBIM.
Bo Bcex ciydasx B KOHEYHOM MPOJYKTE JOJKHBI BbIIEPKUBATHCS BBIOpaHHbBIE
cootHouierust M u B. Ilpu 3ToM 11 y100cTBa BBOJSTCS OHATHS BOJOCMECCOBOE




OTHOIICHHUEC M BOAOITIMHUCTOC OHﬂMHeHHe.:BOHOCM€COBOC WJIM BOJOTBCPAOC
OTHOIICHUEC 3alMNIICTCA KaK

B/T = —2 (23)
Gu+GH
Tax xkak G = M* G, a Gu = M* GI1, TO
=M
B/T = ™ (24)
BoaorimmHuCcTOE OTHOIIIEHHE COCTABUT
BI =2
GH
[Toncrasnss 3nadenne GB u GH noayyum
BI == ( 25)

Takum oOpa3oM , HAXOAUTCA TUIOTHOCTH T€IBIIEMEHTHOTO PAcTBOPA.
BydepHnas ;kuakocTb
Ob6beM OydepHON KHUIKOCTH JOJDKEH OO0ECreurBaTh paszzelieHue OypoBOTO
pacTBOopa OT TaMIIOHAKHOM cMecH B 3aTpyOHOM mIpocTpaHcTBe. Bricora cronba
OydepHOH KUAKOCTH JOHKHA OBITH TaKOM, YTOOBI BepXHsis rpaHuIia ( KOHTaKT C
OypOBBIM PaCTBOPOM) M HUXKHSS ( KOHTaKT C TaMIIOHAKHOM CMECHIO) B IIPOLIECCE
CMEILIMBAHUSA HE COMKHYJHCh. A TIPOLECC CMEUIMBaHUS OyJIeT 3aBUCUTh OT
BPEMEHHU KOHTAaKTa CMEIIMBAEMBIX XKUIKOCTEH, UJIM B KOHEUHOM UTOTE OT BHICOTHI
noabeMa TaMIOHaKHOM cMecu. C  yBEJIMYEHHUEM BBICOTHI I[EMEHTHUPOBAHUS
JIOJDKHA YYUTHIBATHCA BBICOTA CTOJI0a Oy(hepHOil KUIKOCTH.
C apyroit CTOpOHBI CHUMaeMasi CO CTEHOK CKBAKHHBI TTTMHUCTAst KOPKa MOMaIaeT B
Oy(depHyI0 XHAKOCTh M TPHU OINPEIeIEHHOM OObeMe TJIMHUCTOrO Marepuana
OydepHast >XUIKOCTh MOTEPsSET CBOM (PYHKIMOHAJIbHBIE CBONCTBA. B maHHOM
cllydae TMOBBIMICHUE IIEMEHTHPYEMOTO MPOCTPAHCTBA TAK)KE TPEOYET yBETUUCHHUS
o0bema Oy(depHOi KUJIKOCTH.
[IpakTUKOM YCTAaHOBJIEHO , YTO MHUHUMAJIbHO HEOOXOAuMas BBICOTa CTOJ0A
OydepHOil KHUIKOCTH B 3aTpyOHOM TMPOCTPAHCTBE JOJDKHA COCTABIISThH
opueHTHpoBOoUHO 100M Ha kaxzabie 1000M LHEMEHTHPYEMOTO HHTEpBAIA.
Torna MuHUMATBHBIN 00beM Oy(hepHO JKUIKOCTH COCTABUT:
Vo™ = 2% (D.* — D) * hom ™™ (1)
rae D, u D cooTBeTCTBEHHO TMAMETP CKBAXKUHBI U 00CATHON KOJTOHHBI
hG>x — MUHIMAaTBEHO HEOOXO0UMast BRICOTA CTOJI0A Oy (hepHOH KUJAKOCTH B
3aTpyOHOM MTPOCTPAHCTBE.
VYBenuuenne oobema OyPpepHOil KUIKOCTU OTHOCUTEIIBHO MUHUMAJIBHOTO BCET/a
MOJIOKUTEBHO CKAa3bIBAETCS HA KAueCTBE IIEMEHTHPOBAHWA, 32 HCKIIOUYECHHUEM
OTIENbHBIX CIIy4YaeB , KOrja B KadecTBe Oy(epHOHl >KUAKOCTH HCHOJIB3YeTCs
TEXHUYECKas BoJa 0e3 Kakux — JuOO0 /00aBOK B HEYCTOWYMBBHIX paszpe3ax (
HEIMPaBUJILHO BHIOPAH THUIT KUIKOCTH).
Opnako yBenuueHne oObeMa OydepHON IKUIKOCTH HMEET OrpaHUYCHHE |
CBSA3aHHOE CO CIEAyIOIUM. B OONBIIMHCTBE CiIy4aeB IUIOTHOCTh OydepHoit
XKHUJKOCTH MEHBIIE IJIOTHOCTH OypoBoro pactBopa. Bwixoms B 3aTpyOHOE
MPOCTPAHCTBO OydepHas XKUIAKOCTh BBITECHAET OYpOBOW pacTBOp, MPU STOM
JaBJICHUE HA TMPOJYKTUBHBIM TOPU30HT CHUXKACTCS M MPU OMPEEICHHON BBICOTE



OydepHoTrOo CTONI0A MOXKET MPOU30OUTH BBHIOpPOC. 3 ATOTO yCIOBUS HAaXOIUTHCS
MaKcHUMallbHasi BbICOTa cToji0a OydepHoi xkuakoctu. Ha cxeme 1 mzobOpaxkeH
MOMEHT , Korja Bech 00beM Oy(depHON >KHUIKOCTH JIOCTaBJI€H B 3aTpyOHOE
npocTpaHcTBO. [l 3TOro ciydass CHWXKCHHE JaBJICHUS B 3aTpyOHOM
MIPOCTPAHCTBE OYJET MaKCUMAIIbHBIM.

3amuiemM yciaoBHE OTCYTCTBHS BBIOpPOCA B BUIC BRIPAKEHUS

P o =0.1 * (L —hox) * psp, + 0.1%Ne, " * P

Otcroa HaxoauM

h6>KMaKC - 0.1+L*p6p* P a1 ( 2)
0,1+( pobp— p62x )
e Ng,  — MaKkcHMajbHas BBICOTA CTOJI0A Oy(hepHOH KHIKOCTH B 3aTPyOHOM
npocTtpaHcTBe, M;P mu1 - mactoBoe naBieHue. ATM. ;pOp; pOXK  -IJIOTHOCTH
6ypoBOro pactBopa © OydepHOH XHIKOCTH COOTBETCTBEHHO. r/cM °. Torma
MaKCHUMaJbHBIA 00BeM Oy(pEepHOI KUIKOCTH
V6>I<MaKC — % * ( D02 . D2 ) * h6)K MaKc (3)
Homunanbubiii 00beM Oy(epHON KMIKOCTU AOKEH HAXOAUTHCS B Mpeaesiax
MEXy MUHUMAJIbHBIM U MaKCUMAaJIbHBIM 3HAYCHUSAMH.
V 6)KMHH < V 6 < V 6)KMaKC ( 4)
OpHUEHTUPOBOYHO HOMHUHAJIBHBIN 00BeM Oy(epHON KUIKOCTH MOKHO HAWTH W3
BBIPKEHUS

Makc

Vox =0.2 * (Vtc + Viik), (5)
rie Vic u Vik- 00beM TaMIOHa)XHOM CMECH U TPOJaBOYHOM KUAKOCTU
COOTBETCTBEHHO.
B03MOXXHO HaxoIWTh BBICOTY cTOJ0a Oy(depHON KUAKOCTH B 3aTpyOHOM
IPOCTPAHCTBE BO BpeMsl €€ KOHTaKTa CO CTEHKAMH CKBaXXUHBI, KOTOpPOE
coctaBysier 7-10 muH. Torjga nmpu M3BECTHOM CKOPOCTH JKUIKOCTH B 3aTpyOHOM
MPOCTPAHCTBE BbhICOTA CTO10a Oy(EepHOM KUTKOCTH COCTABUT

ho:x =V*t,ao00beMm (6)
V6>1<=Zﬂ*(DCZ—D2)*h6>K

rjae V — CKOpOCTh BOCXOJISIIETO MTOTOKA
t- Bpems koHTakTa , npuHUMaemoe paBHbIM 10 MuH = 600cek.
Takum oOpa3om , oOmias cxema HaxoXIeHus o0beMa OydepHON KUAKOCTU
CBOAUTBCA K CleAylomeMy : TpuHAMaeTcs hox ™" w Haxomutcs eé
MUHUMAJIbHBI 00beM 1O BbIpakeHHIO ( 1) . HAXOAMTHCS MaKCUMajbHasi BbICOTA
OydepHO KUAKOCTU TIO BbIpaXkeHUIO ( 2) U MaKCUMaJbHBIA OOBEM TIO
BbIpakeHHIo ( 3). OnpenensieTcss HOMUHAIBHBIA 00bEeM MO BbIpakeHUIO( 5) min (
6) u mnpoepsercsa yciaoBue (4). Ilpu BBICOKMX TIIIACTOBBIX JIAaBJICHUSX
MaKCUMaJibHasi BBICOTA CTOJI0A Oy(pepHOW JKUIKOCTU PE3KO OTPAHWYMBACTCS U
MOJKET OKa3aThCsl JaXe MEHbIIe MHHUMAJIbHOIO 3HaueHud. B 3Tom ciyuae
HE0OXOMMO TTOBBIIIATH MJIOTHOCTh Oy(PEepHON KUIKOCTH.

Pacuer npoa0BOYHOM KMUAKOCTH
[IpogaBouHasi KHUAKOCTh CIYKUT JUIsl BBITECHEHHS] TAMIIOHAQXXHOH CMecH W3
0o0CaJlHOM KOJIOHHBI B 3aTpyOHOE MPOCTPAHCTBO C IOMOIIBIO IPOJABOYHOM
POOKH.



B kauecTBe mpoaaBOYHON KHUIKOCTH MPUMEHSIOT OypoBOil pacTBop. B obmem
BUJIe 00bEM MPOJAABOYHOM KUAKOCTH JOJHKEH ObITh PaBEH BHYTPEHHEMY 00beMy
00CaHON KOJIOHHBI B MHTEpBaJie OT IIEMEHTHPOBOYHON TOJOBKM 10 KOJIbIIA
«crom». Ilockonbky oOcajHasi KOJOHHA MUMEET CTEHKH Pa3HOM TOJIIUHBI, TO €€
BHYTPEHHHUI 00beM ynoOHee ompenessitb Mo o0bEMY OTAENbHBIX cekiuil. Torma

HCKOMBIM 00BEM COCTABUT
n*diz

Vo= (——*li) (1),

rae di — BHyTpeHHHI JuaMeTp COOTBETCTBYIOIICH CEKIIMU 00CaTHON KOJOHHBI
li — nmuHa cooTBeTcTBYMOIIEH cekiuu ( 0e3 ydeTa BBICOTHI IIEMECHTHOI'O CTaKaHa
HIDKHEH cexiun). O0BbeM MpoaBOYHOM KHIKOCTH OMpPEIeIsIeTCs KaK

Vik =V ok *K (2),
rie K — kod3pduiMeHT yuUTHIBAIOIIMM CXKaTHE Ty3bIPHKOB BO3JyXa B
MPOJTABOYHOM JKMJIKOCTH U jJedopManuio 00CaaHOM KOJIOHHBI , NPUHUMAETCS
paBubM 1,03 ....1,05.

IIpakTnuyeckas padora Ne 18
BbIBOP CIIOCOBA 3AKAHYUBAHUSA CKBAKHWHBI
2 qaca
1.esn padoThl

[TpuoOperenne mMpakTUYECKMX HAaBBIKOB BbIOOpa crocoba 3aKaHUMBAaHUSA
CKBa)KUHBI

2.00ecnneunBaone cpeacTaa
2.1.Metoanueckue yka3aHus

3. 3apanue
3.1./3yunTh peKOMEH1alluu 110 BIOOPY crioco0a 3aKaHYMBaAHUS
3.2. B 3aBUCUMOCTH OT TOPHO — r€OJIOTUYECKUX YCIOBUHM BBIOPATH CIIOCOO
3aKaHUMBaHUS
( HapUCOBAThH CXEMY)
4. TpeGoBaHus K 0TYETY

4.1. Homep paboTbl
4.2. PexoMeHanuu ajis BeiOOpa
4.3 CornacHo ropHO — Ire0JIOTHUYECKUM YCJIOBHSIM BBIOpaTh U 0OOCHOBATH OJIUH U3
MSTA METO/IOB 3aKaHYMBAHUS .

TexHoJI0TMsI BHINOJTHEHUSA
B 3aBucumoct OT OCOOEHHOCTEW MPOAYKTHUBHBIX TOPU30HTOB ( BEITUYHHBI
MJIaCTOBOTO  JIaBJICHWS,  HAJW4YMsl  TOJOMIBEHHBIX  BOJ,  yCTOWYHUBOCTHU
HedTerazocoaepkKaipx MOpoJ, THUIA KOJJIEKTOpPAa) OCYIIECTBISIETCS BBIOOP
croco0a 3aKkaHYMBaHUS CKBAKHH.
Korga B pa3spe3e CKBaXHHBI €CTh IUIACTHI C aHOMAJIbHO BBICOKHM ILIACTOBBIM
JABJICHUEM WJIM HEYCTOWYWBBIC OTJIOKCHHUS, OypeHUE KOTOPBIX MPOU3BOJIMIN C
WCITOJIb30BAaHUEM  YTSDKEJIEHHOTO  OypoBOrO  pacTBopa, a IPOTyKTHBHBIE
OTJUIOKEHUS 3aJIeTal0T HIDKE TaKUX TIOPOJ, COBMECTHOE UX BCKPBITHE CTaHET



HEBO3MOJKHBIM BCIIEACTBUE IMOIJIOMICHU. B 3THX yCIOBHAX 10 BCKPBITHS
IIPOJYKTUBHOI'O TOPU30HTA B €r0 KPOBIIIO CIIYCKAIOT ITPOMEKYTOUYHYIO KOJIOHHY.
[locie BCKpBITHS MNPOAYKTHBHBIX TOPH30HTOB CIYCKAalOT M LEMEHTHPYIOT
DKCILTYyaTALMOHHYIO KOJIOHHY.
OTa KOJIOHHa MOXET OBbITh CIUIOIIHOW WM XBOCTOBMKOM. B cimyuae , xorga
IIPOJYKTUBHBIE TOPU30HTHI  CIIOKEHBI ~ YCTOWYMBBIMHA  IOPOJAMH , HU3
DKCIUTyaTAllMOHHOM YCTAHABIMBAKOT B KPOBJE INPOAYKTHBHBIX OTJIOXKEHHU. Bo
BCEX OCTaJbHBIX CIIy4asX 3KCILIyaTAllMOHHYIO KOJIOHHY LIEMEHTHPYIOT —4Yepe3
Oammak 1 3aTeM nepHopupyroT B UHTEpBaJIEe MPOYKTHBHOTO IJIacTa.
[Ipy HU3KKX MIACTOBBIX JABJIEHUSAX MPOIYKTUBHOIO FTOPU30HTA , KOTAA 3aJIEKb HE
MOACTUJIAETCA TOJOIIBEHHOW BOJOW, a IOPOJBI YCTOMYHUBBIE, NMPOLYKTUBHYIO
yacTh pa3pe3a He UEeMEHTUPYIOT. [lpm 3TOM NOpUMEHSIOT MaHXETHOE
LIEMEHTUPOBAHUE  OKCIUyaTalMOHHOW  KOJIOHHBI, KOTOpas B  HWHTEpBaje
IPOAYKTUBHOI'O TOPU30HTA UMEET PUIIBTP.
Memoowbl 3akaHuu8anusi CKEANCUH U 8CKPLIMUS NPOOYKMUBHBIX 20PU30HMO8.
B paspe3e HedTAHBIX M Ta30BBIX MECTOPOXKACHUN BCTpeyaeTcs OOJbIIoe
KOJIMYECTBO  MOPHUCTBIX  IJIACTOB-KOJUIEKTOPOB  (IIECKOB,  II€CUAHHUKOB,
U3BECTHSAKOB), Pa300ILEHHBIX APYr OT Apyra IJIMHAMHU, MEPreisiMu, IUIOTHBIMU
NEeCYaHWKaMH U APYTUMHU MOPOJAMU. DTU IUIACThl MOTYT ObITh HE(PTEHOCHBIMH,
ra30HOCHBIMHU, BOZJJOHOCHBIMH U CYXUMHU.
Oco0oe BHUMaHHE JTOJKHO ObITh 0OpaIIeHO Ha KOHCTPYKIIUIO 320041
KoHncTpyknuto 3a00s cinenyet BeiOupath 1mo PJI.
B npaktuke OypeHUs NMPUMEHSIOT CIEAYIOIIHE OCHOBHBIE KOHCTPYKLUMHU 3a00€B
NpY 3aKaHYMBAHUU CKBaXHH (pucl.).
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Puc. 1. Cxemul koncmpykyuu 3a60e6 npu 3aKanyusanuu ckeaxcun: 1 — obcaouas konouna, 2 —
unomp, 3 — yemenmuwlil kKamenv, 4 — naxep, 5 — nepgpopayuonnvie omeepcmus, 6 — NPOOYKMUBGHbBLIL
niaacm, 7 - X60CMOBUK

1. YcTaHoBKa BOJI03aKPHIBAIONICH KOJIOHHBI B KPOBJIE MPOTYKTUBHOTO TOPU30HTA
U IEMEHTUPOBAHHWE C TOCIEAYIOIIMM BCKPBITHEM IJlacTa U CIyCKOM
cnenuanbHoro Quibtpa (puc. 1, 6) wnu xBoctoBUKa (puc..l/, 0). B HEKOTOPBIX
ClIly4asiX B YCTOMYMBBIX TOpOAAX MPOIYKTUBHOW YacTH paspe3a (QUILTP WU



XBOCTOBHUK HE CIOYCKalOTCSI W BOJIO3aKPHIBAIONIAsl  KOJOHHA  SIBISIETCS
AKCIUTyaTallMOHHOM (puc. 1, a).

2. IlonHoe BCKpBITHME IUTACTa CO CIYCKOM KOMOMHHPOBAHHOW KOJOHHBI C
MaHKETHOM 3aJIMBKOM €€ BbIle HE(YPTEHOCHOTO 00BEKTa U C PHIBTPOM B HIKHEH
4acTH NPOTHB T1acTa (puc. 1, 8).

3. TlomHoe BCKphITHE IJacTa CO CIYCKOM KOJOHHBI CO  CIUIOLIHBIM
[IEMEHTUPOBAaHUEM U TIOCIEAYIONIMM TPOCTPEIMBAHUEM OTBEPCTUN MPOTUB
IPOIYKTUBHBIX TOPU3OHTOB (puc.l, 2).

[lepeunciieHHbIE METOIBI HAIIPABJICHBI HA TO, YTOOBI HE JOITYCTUTh 3aKyTIOPKH ITOP
¥ CO37aTh OJIAarONPHUSATHBIC YCIOBUS IS IBIKCHUS HEPTH U3 TUTACTAa B CKBAKUHY.

MeTonpl BCKPBHITHS TUTACTa B 3aBUCMMOCTH OT IIJIACTOBOTO JABJICHUS, CTEIICHU
HACBIIMICHHOCTH IUIacTa HE(PTHIO, CTENICHW APCHUPOBAHUS W APYTHX (HaKTOPOB
MOTYT OBITh Pa3IMYHBIMH, HO BCE OHHU JODKHBI YIOBIETBOPSTH CICAYIOIIAM
OCHOBHBIM TPeOOBaHUSM.

1. Ilpu BCKpBITHH TUIaCTa C BBICOKHM JABJICHUEM JIOJDKHA OBITH MpENOTBpallleHa
BO3MOKHOCTh OTKPBITOTO (POHTAHUPOBAHUS CKBAYKUHBI.

2. Ilpu BCKpBITMM TUTaCTa JIOJDKHBI OBITH COXpPAaHEHbI Ha BBICOKOM YPOBHE
IpUpOAHbIE (DUIBTPAIMOHHBIE CBOMCTBA TOpoA Mpu3adoitHOW 30HbL. Ecnu
MPOHUIIAEMOCTh TIOPOJ Maja, JOJDKHBI OBITh MPHUHSATHI MEPhl MO YIYYIIEHUIO
(bUIBTPAIIMOHHBIX CBOMCTB MPU3a00HHOMN 30HbI CKBAKUHBI.

3. JlomkHBI OBITH 00ECIIEYCHBI COOTBETCTBYIOIINE WHTEPBAIBl BCKPBHITHS ILIACTA,
TapaHTUPYIOUINE  JUINTENbHYI0  O€3BOJHYIO  OKCIUIyaTalluI0  CKBAXHH U
MaKCHUMaJIbHOE 00JIeryeHne nputoka HeTu K 3a0010.

[Ipn BCKpBITHM TIPOMYKTUBHBIX IUIACTOB C HHU3KUM IUJIACTOBBIM JaBJICHHUEM
OCOOEHHO THIATENBHO CIIEAYEeT BBIOMPATh OYpOBOM pPAcTBOpP, MOCKOJIBKY MOXKET
MPOUCXOANTh HMHTCHCUBHOE TOTJIONMIEHHE TJIMHUCTOTO pacTBOpa IJIACTOM,
COIPOBOXK/IAOIIEEC OTTECHEHHEM He(TH OT 320051 CKBaXXHHBI M 3HAYUTEIIbHBIM
yXyAlIeHueM (GUIbTPAIMOHHBIX CBOMCTB TOpojA Mpu3aboiHON 30HBI.  J[7s
BCKPBITHS TTPOJTYKTUBHBIX MJIACTOB C HU3KUM TUIACTOBBIM JABJICHUEM MPUMEHSIOT
crieruaibHbie OypOBbIE PACTBOPHI HA HEPTSIHON OCHOBE, IMYJILCUOHHBIE OypOBBIC
pPacTBOPHI, TIIMHUCTHIE PACTBOPHI C OOABKAMU MOBEPXHOCTHO-aKTHUBHBIX BEIIECTB,
a’pUPOBAHHBIC KUJIKOCTHU U JP.

3aKkaHYMBaHUE CKBA)XHH, BCKPBIBIIMX WCTOIICHHBIE IIIACThl, B OCHOBHOM
MIPOU3BOJIST MEPBBIMU ABYMS criocoOamu. [lepe BCKpBITHEM BOI03aKPHIBAIOIIYIO
KOJIOHHY YCTaHaBIWMBAIOT B KPOBJIE MPOAYKTHBHOTO IIJACTa, BCKPHIB
MPOIYKTUBHBIA TIIACT, CITyCKAIOT XBOCTOBUK WU GuiabTp. Ilpu oTcyrcTBUM
BOJ/IO3aKPBIBAIOIEH KOJOHHBI TOCTE BCKPBITHS MCTOLIEHHOTO TIACTa CITyCKAIOT
00CaIHyI0 KOJIOHHY C (PUJIBTPOM NPOTHUB IJIaCTa M TPHU IMOMOIIU MaH)XETHOM
3aJTMBKH [IEHTPUPYIOT €€ BhIIIe HEPTEHOCHOTO TIacTa.

OUIBTPBI MOTYT OBITh KaK C KPYTJIBIMHU, TaK U CO HIEICBUIHBIMA OTBEPCTHIMHU.
[[leneBumHble (GUIABTPHI JOPOTH B U3TOTOBJICHUM W HE BCErAa HAJIEGKHO
MPENIOTBPAIIAIOT TIOCTYIUICHHE TIeCKa B CKBAXWHY WM YacTO 3aCOPSIIOTCS.
[ToaTOMy TpPUMEHSIOT TakKKe M JpPYrue CHocoObl 00OpyAOBaHHUS 32005 IS
MIpEeIOTBpAIeHUs] TTOCTYIUJICHUS Tecka B CKBakuHy. Hampumep, 3a00¥1 CKBa>KUHBI



WHOTJIa OOOpYAYIOT METaJUIOKePAaMHUECKUMH, I[eCYaHO-TIACTMACCOBBIMU WA
I'paBUMHBIMUA (PUIIBTPAMHU.

B ckBaxxmHax C BBICOKMM IUIACTOBBIM JIaBIICHUEM JOJDKHO OCYIIECTBIISITHCS
MOJIHOE BCKPBITHE TUIACTA CO BCEMU MEPAMH MIPEIOCTOPOKHOCTU C MOCIETYIOITUM
CIIyCKOM  JKCILTyaTallMOHHOM KOJIOHHBI CO CIUIOIIHOM IIEMEHTHUPOBKON W
MPOCTPEIUBAHUEM OTBEPCTUM MPOTUB MPOJYKTUBHBIX TOPU3OHTOB.
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