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CrpoutenbHblil yHHBEpcHTET, 2014

JlabopaTtopnasi padora Nel
«OmnpeneneHue pacxosia BOAbI OTKPHITOIO BOAOTOKA»

Leap padoThl: 03HAKOMIICHHE C METOJAMH OIPEAECIEHUS U IOCIEN0BATENb-
HOCTBIO BBIUMCIIEHHI pacxoia BOJBL.

Copnepxxanue padoThbI: KCIONB3Ys JaHHbIE MOP(QOMETPUUYECKUX U TUIPO-
METPUYECKUX HAOMIOAEHUHN, BBIYUCIUTH PACXOJ BOABI OTKPBITOTO BOJOTOKA
rpaoaHaATUTHYECKUM METOJOM M TPOKOHTPOJIHUPOBATH MPABHIBHOCTH MOJIY-
YEeHHOTO pe3yibTaTa IpadOMEXaHUYECKUM METOIOM.

Kparkue teopernyeckue I0JI0KEHUS

OCHOBHBIMM THJIPABINYECKUMHU XapPAKTEPUCTHUKAMH BOJHOIO IOTOKA SBIIS-
I0TCsl JKMBOE CEYEHUE, CKOPOCTb U PACXOJ BOBI.

/KuMBBIM ceYeHHeM Ha3bIBacTCsA ITOBEPXHOCTh, MEPECEKAroNas BOAHBIA IIO-
TOK TakMM 00pa3oM, YTO BEKTOPbI CKOPOCTH MOTOKAa BO BCEX TOYKAX ITOU
MOBEPXHOCTH HAIpaBJEHbl K HEW MEPHNEHIUKYJAPHO. B peanbHbIX YCIOBUAX
BCJICICTBUE HENAPAJUICIbHOCTH CTPYH IOTOKA NOBEPXHOCTb JKUBOIO CEYECHUS
UMeEeT KpUBOJIMHENHYIO0 (Qopmy. OnHaKO paauyc KPUBU3HBI 3TOM MOBEPXHOCTH
3HAQUYUTEJIEH M B MPAKTUYECKUX pacyeTrax MOKXHO CUWUTATh JKUBOE CEUCHHUE
miockuM. [lokazarenssmMu KMBOTO CEYEHHMs SIBISAIOTCSA €ro IUIomanb , CMO-
yeHHbIM niepumerp P u ruppaBnuyeckuit panuyc R.

CMOYECHHBIM NEPUMETPOM HA3BIBAETCA JJIMHA TOW YaCTH IMEPUMETPA K-
BOI'O0 CEUYEHMS, MO0 KOTOPOM NPOUCXOAUT CONPHUKOCHOBEHHE BOJHOIO IOTOKA
CO CTEHKaMH €CTECTBEHHOIO WJIM MCKYCCTBEHHOIO pycia (IHO U Oepera peku
B JICTHUI TNepuon; JHO, Oepera M HUKHAS MOBEPXHOCTH JIEJAOBOIO MOKPOBAa B
NepUo JeI0CTaBa; BHYTPEHHSAS MOBEPXHOCTh TPyOONpOBOAA Jsi 3aKPBITOTO
MOTOKA), T. €. CMOUYEHHBIH NEPUMETP paBeH IMEPUMETPY >KUBOTO CEUEHUS 3a
BBIUETOM JUIMHBI CBOOOJHOM MOBEPXHOCTH.

I'mapaBianyeckuM paamMycoM HAa3bIBA€TCS OTHOLIECHUE IUIOMIAAN KUBOTO
CEUYCHHs MOTOKAa K CMOYEHHOMY mnepumerpy: R= o /P.

CkopocTh TeYeHHsi — 3TO pPACCTOSHUE, KOTOPOE IMPOXOAUT YacCTHULA KHUJIKO-
CTH 3a €IMHHIy BpEMEHHU. B pa3HbIX TOUYKaxX >KUBOIO CEYEHHUS BOJHOIO IIO-
TOKa CKOpPOCTb V HE SIBJISETCS MOCTOSHHOM. BennunHa CKOpOCTH W3MEHSETCS
KaK MO IIMPUHE, TaK U MO TJIyOMHE >KMBOIO CEYEHHUS! MOTOKA - YMEHbIIECHHE
CKOPOCTH TIPOUCXOJUT OT CEpPelIMHbl MOTOKA K Oeperam W KO AHY. M3Meputh
CKOPOCTh MOTOKa MOYHO MPHU MOMOIIM CIEUHAIBHBIX CPEIACTB M MPUOOPOB,
TaKMX, KaK MOBEPXHOCTHbIE WM TJIyOMHHBIC MOIMJIABKH, MOIJIABKU — UHTETpa-
TOPBI, TUAPOMETPUUYECKUE BEPTYIIKH, WU K€, MCIOJIb3ys a’poMmeTonbl. M3me-
pPEHHasi B HEKOTOPOM TOYKE MOTOKAa CKOPOCTh HA3bIBACTCA MECTHOM. B run-
PaBIMYECKUX pacuerax MJisl )KUBOTO CEYEHUs] MOTOKAa BBOJMTCS TOHSITHE
cpenHet ckopoctu. CpeaHell CKOPOCThIO MOTOKAa B PAacCMaTPUBAEMOM KHBOM
CEYCHUHU HAa3bIBACTCA TaKasg CKOPOCTb, KOTOpas YCIOBHO IPUIAETCS BCEM 4a-
CTULIAM JKHJKOCTH JKMBOTO CE€YEHHUs W IIPU ITOM pacXoJ MOTOKA COOTBET-
CTBYET JIEMCTBUTEIBHOMY PacXony.



Pacxomom moroka Q Ha3bIBAaeTCS KOJIMYECTBO J>KHIKOCTH, MPOTEKAIOIICE
yepe3 JIaHHOE JKMBOE CEYEHHE MOTOKa B €AMHUIYy BpeMeHH. Pacxonl mMoxer
OBITh OMpeEJEeeH B pe3yibTaTe HEMOCPEACTBEHHBIX H3MEPEHUN pPa3IMUYHBIMU
METO/JIaMH, B TOM YHUCJE M C HUCIOJb30BaHUEM a’pomeTonioB. OJHAKO 3HAYM-
TEJIBHO 4Yalle PacXojbl BOJbI BBIYHCISIOT, UCIONB3YS JaHHbIE MopdomMeTpuye-
CKUX M THUAPOMETPUYECKUX HAOII0JeHUM BOAHOrO moToka. CyIIecTBYIOT ciie-
JYIOIIME METOJbl BBIYMCICHUSI pacxojia BOJbI: aHAIUTUYECKUM, rpadoaHamu-
TUYECKUI U TpadoMEeXaHUUECKHII.

B ananuTuyeckoM MeTone Ui ONMPEACIICHUS pacxoja BOJAbLI MOTOKA HC-
noJyib3yercst popmyia:

Q=weV,, M (1)

rae. o — IUIoW@AAb >KUBOTO CEYEHHUS BOJHOIO MOTOKAa, M

V¢ — CpelHsAs CKOPOCTh MOTOKA B JAHHOM JKHBOM CEUEHUH, M.

OOBIYHO TPHU BBHINOJHEHUU THUJIPABIMYECKUX PACUYETOB JISI OTACIBHBIX
Y4acTKOB PEUYHBIX pycen, rie (Gopma M pasMepbl KUBOTO CEUEHUS MO JUIMHE
OCTAlOTCSl MPAKTUYECKU MOCTOSHHBIMH, JIBHKEHHE BOJHOTO TMOTOKA CUYUTAETCA
paBHOMEpHbIM. B 3TOM ciydae cpelHsisl CKOPOCTh MOTOKa MOET ObITh BbI-
yucneHa o ¢opmyne Ille3u:

V., =CVR*i (2)

rae; C—koadpduuuent Ile3n, BenmuynMHa KOTOPOro 3aBUCUT OT HIEPOXOBa-
TOCTH CTEHOK M JHAa pyclia, OT reoMeTpuueckoirl (opMbl U Pa3MEPOB KUBOTO
CCUYECHUS;

R — rugpaBnuueckuii paguyc *KUBOTO CEUCHHUS;
| - MPOJOJBHBIN YKIIOH BOJHOW MOBEPXHOCTH YYacTKa PEKH.

Hnsa onpenenenust C UCHONIB3YIOTCS pasnuuHbie ¢dopmynbl. Hambonee 006-

et ssisieTcst popmyiia, npemiokeHHas axkagemukoM H.H. TlaBioBckum:
C=({/Mn)*RY (3)

rae. N —kod(PUIMEHT IEepOXOBATOCTH PYClia, ONMPEICSIEMBIM MO CIeIHallb-
HeIM TaOnmunam [2]. Tak. Hampumep, JUIS €CTECTBEHHOrO, MPSIMOTO, HE 3aco-
penHoro 3emisHoro pycma N =0.025, a 1 rIyxux MOHM TaeKHOTO THIIA
n =0.200;

y — [OKa3aTeyib CTENEHU, 3aBUCAIIUM OT 3HauYeHHs Kod(d@uiueHrta Iie-
POXOBATOCTH WM THJIpaBIWYECKOro paauyca. Jjisi mpubIMKeHHBIX pPacuyeToB
MPUHUMAIOT

2.

y=1.5Vn mpu 0.1<R<1.0
y=1.3vn mpu 1.0<R<3.0  (4)
[Ipu pacuere OTKpBITBIX pycen Kodpduiment llle3u MOKHO Takxke ompe-
nenuth 1o ¢dopmyne bazena:
C=87/(1+y/\R) (5)
rae Yy — Takke Kod(PQUIMEeHT MIepOXOBATOCTH, OMPEACIIEMbId MO CIeIn-
albHbIM TabiuuaM. Tak, AJii €CTeCTBEHHOro, MPSIMOrO, HE 3aCOPEHHOIO 3eM-
nsHoro pycna y=1.30, a g riyxux noWm TtaexHoro tuma y = 20.0.
I'padoananuruyecknii MeTox OmpeneseHuss pacxoAa BOJbI OTKPBITOIO BO-
JIOTOKA 3aKJII0YaeTcsi B MOCIEIOBATEIbHOM BBIMIOJIHEHUM CJEAYIOLIUX Tpa-
(bUYECKUX M BBIYUCIUTENIbHBIX JEHCTBUNA:



- BRIUEpPUMBAHUE B W30paHHBIX TOPU3OHTAJIHLHOM M BEPTHUKAIBHOM MAacCIITa-
0ax kuBOro cedeHusi mortoka (puc. 1). Ilpu 3TOM HCMONIB3YIOTCA PE3YIbTAThI
MIPOMEPOB TJyOMH MOTOKA B €r0 Pa3HbIX TOUKAX >KUBOTO CEUYCHHUS, a TaKKe
PACCTOSIHUS MEXIy TOYKaMH TPOMEpPOB IIYOHH, T.€. MEXIy, TaKk Ha3bIBae-
MBIMH, TIPOMEPHBIMH BEPTUKAISIMH WM K€ PACCTOSHUS OT IOCTOSHHOI'O
Hayaja J0 MPOMEPHBIX BepTukajied. Eciu mpomMepsl riayOMH W HU3MEpEHUE
CKOpPOCTEH BOJHOTO TMOTOKA IPOBOJMIIOCH B pa3HbIC JHH, a IO HAOIIOJCHUSIM
YPOBHH BOJbI OTJIMYAIHCH Oojiee 4yeM Ha 2 CM, TO TPHW BBHIYCPUYNBAHUH KU-
BOTO CEYCHHS IMOTOKAa HEOOXOMMMO BHECTH COOTBETCTBYIOIIHME ITONPABKHA B
3HAYCHUS TJIyOMH Ha MPOMEPHBIX BEPTUKAIIAX;

- IOCTPOCHHUE KPUBOW CPETHHUX CKOpocTed. [ mOCTpOoeHHST MCTOIB3YIOTCS
pE3yNbTaThl U3MEPEHUS CPEIHMX CKOPOCTEH TMOTOKAa B OTACIBHBIX TOYKAX KH-
BOTO CEYCHMS, SIBJISIONIUXCS HAYaJbHBIMH TOYKAMH CKOPOCTHBIX BEPTHUKAJICH,
a TaK)Ke PacCTOSHUS OT IMOCTOSHHOIO Hayaja J0 3TUX TodeKk. KpuBas ckopo-
cTeil m3o0paxaercs B YAOOHOM [JIsi MOCTPOCHHS MaciiTade HEermoCpeACTBEHHO
HaJl BBIYCPUCHHBIM JKUBBIM CCUYCHHEM ITOTOKA;

- rpaduUecKoe OMpeieSICeHUE IO BBIYCPUCHHOM KPUBOM CPEIHHX CKOPOCTEH
MOTOKA JUIS T€X IMPOMEPHBIX BEPTHKAJICH, TJI€ CKOPOCTH HE OBUIM HU3MEPEHHI;
- BRIYMCIICHUE JJIEMEHTApPHBIX PacxoJioB (| IS BCEX MPOMEPHBIX BEpPTHKA-
Jei. DIeMEHTapHBIA PAacXol €CTh IPOM3BEICHHE TIIYOHMHBI MOTOKAa h B HeEko-
TOPOW TOYKE KMBOTO CEYEHHs HAa CPEAHIOI CKOPOCTh V¢, B TOH K€ TOUKE:

qg=h*V, , M’/c (6)

- BBIYMCJICHUE OOIIETr0 pacxojia BOABI TMOTOKAa IO (opMyIie:

V1 hs Vi+V; hy +h; Vo1 +Vy hpgt+hy
Q=---e -0 by + ---mmmmmm- L —— ebhy + ... + e (Y —— °
2 2 2 2 2 2

bn + - ® ----- L bn+1 ’ M3 / C (7)

rae. Vi, V2., Vi, Vn - cpellHHE CKOPOCTH TOTOKA COOTBETCTBEHHO Ha 1- OH,
2—0i#, ..., (N-1)— ol u nociemHei (N — oif) MPOMEPHON BEPTHKAIIH;
hi,hz,...,hnp1, hy - TIyOuMHA mMOTOKA COOTBETCTBEHHO Ha 1- O, 2- OW, ...,
(n—1) —o¥ ¥ mocnenHeld MPOMEPHON BEPTHKAIIH;
bi,bz,...,Dbn, bns1 - paccTosiHMSI COOTBETCTBEHHO OT ype3a BOJBI 110
MEepPBOM MPOMEPHON BEPTUKAIM, MEXKIY 1-0i W 2-0i MPOMEPHBIMU BEp-
TUKAJSIMH, ..., M&XKIy (N—1) —oif ¥ N— Ol MPOMEPHBIMH BEPTUKAJISIMH,
a TaKXe OT NOCJIEAHEW MPOMEPHOM BEPTUKAIM 10 ype3a BOIBI.
Omnpenenenre o0mIET0 pacxoja BOJbI MOTOKa BO3MOXKHO TakKe C HCIOJb-

30BaHHWEM paHEE BBIYHMCICHHBIX JJIEMEHTAPHBIX PacxoAoB. B sTom cmyuae

NpUMEHsIETCs  cieayromas dopmyna:



2 2

rae: i, g2, ..., On - dJIEMEHTapHbIC PACXOAbl HAa MPOMEPHBIX BEPTHUKAISIX
(mepBoM, BTOPOH, ..., MOCIETHEN);
b1, bne1 - paccTosiHUs OT ypesa BOJBI OAHOTO Oepera J0 MEPBOM IMPO-
MEpPHOM BEpPTUKAIM W OT MOCIETHEH MPOMEpPHOM BEpTUKAIU JO ypesa
BOJBI Apyroro oOepera;
by, ..., by - paccTossHMS MeEXIy CMEKHBIMH MPOMEPHBIMH BEPTHUKAJIS-
MU;
Ki, Ky - xoaddumuentsi, 3aBucsimme oT xapakrepa Oeperos. Jlyis moso-
roro Oepera K=0.7; mnsa obpeiBuctoro - K=0.8; mis oOpwsiBuUCTOTO €
rmankoil crenkoi K= 0.9; nmpu orcyrcTBum y Oepera TedeHHs], T.€. KO-
JIa ckopocTth paBHa Hymo K=0.5.

I'padpomexanuveckuii MeTOA OMpEICICHUs PacXoja BOJbI MOTOKA OTIHYa-
eTcsl OT MpEelbIAYIIEero MEeToJa JIMIIb B 3aKJIIOYUTEIBHON 4YacTH JEHCTBHIL.
[Tocne BbIYMCIIEHMS 3JEMEHTApHBIX PACXOJIOB HaJ YKUBBIM CEUYEHHEM IIOTOKA,
BBIUEPUEHHOM Ha Oymare, CTpoWTCi B YJOOHOM MacuiTabe KpuBas 3JEMEH-
TapHBIX pacxonoB (puc.l), a 3aTeM ¢ MOMOILBIO IUIAHUMETpa OINpeAesieTcs
IIOIAb, OTPAaHUYEHHAsT KPUBOM DJIEMEHTAPHBIX PACXOJ]OB U JIMHUEH YpPOBHS
BOJIbI JKMBOTO ceueHus. Pacxoll BOJbI B )KMBOM CEUYEHHUU MOTOKA ONPEIECISIOT
MEPEMHOKEHUEM TMOJYYECHHOUN IIomanu (B JEJICHUSX IUIAaHUMETpa) Ha IEHY
JICNICHUsl TUTaHUMETpA.

I/ICXOI[HLIC AAaHHBIC U PEKOMCHIANUMU MO0 BBINNOJTHCHUIO paﬁ()Tl)I

B kaudectBe HMcxoaHOW MH(GOPMAIMU MPU BBINOJHEHUU J1a0OPATOPHOU pa-
OO0TBhI HCMONB3YIOTCA PE3YJbTATHl MPOMEPOB TIIYyOWH, PACCTOSHUA U CPEIHUX
CKOPOCTEH, BBINOJHEHHBIE I HEKOTOPBIX BOJHBIX IIOTOKOB OTKPBITOTO THIIA.
[Tony4yennsie gaHHbBIC TIpUBOASTCS B Tadn. 1,2,3 u 4 (B Tabn. 3 u 4 3HaK
Ne 00603HauaeT MOPAIKOBBIM HOMEpP CTYAEHTAa MO KypHaJly TPYIIIbI).

O3HAKOMUBIIUCH C METOAUYECKMMH YKA3aHMSMHU M IOJIYYUB 33JJaHHUE OT
IpernoaaBaressi, CTyJ€HT BBIYUCISIET TNTyOMHBI U CpPEAHHME CKOPOCTH IMOTOKA
JUISL BCEX IPOMEPHBIX M CKOPOCTHBIX BEPTUKAJIEH IJII CBOEr0 BapHaHTa II0
naHHeM Tabn. 3 u 4. Hampumep, ecnu 3amaH BapuaHT | M MOPSAKOBBIN HO-
Mep cryAeHTa B >XypHasie rpynnbl NelO, To riayOMHa mOTOKa Ha MEPBOM Mpo-
mepHoi Beptukaau coctaBuT: N1 =191+ 0.09N=191+0.09e10=2.81m, a
CpeIHssl CKOPOCTh NMOTOKAa Ha MEpBOW CKOPOCTHOM BepTUKald OyAeT paBHA:
V:1=039+0.01N=0.39+0.01e10=0.49 m/c.

Jlanee, Ha nHMcTe MUJUIMMETPOBOM Oymaru (pa3mepbl JIMCTa: BbICOTA —
29.5cm, nnuHa He MeHee 35cM) BbIYEpUYMBAETCS KUBOE ceueHue peku (puc.l).
JInst mocTpoeHusi peKOMEHIyeTCsl MPUHATh MacluTaObl: TOPU3OHTAIBHBIN
1: 1000 gynst 1-ro u 2-ro BapuantoB u 1:2000 mns 3-ro BapuaHTa, a s
riyoud — 1: 200 gnst 1-ro m 3-ro BapuanTtoB u 1:100 nns 2-ro BapuaHTa.



Tadomuma 1

Bapuanrl
(18 BepTHKaCi

Bapuant2
(25 BepTHKAICH)

Bapuant3
15 BepTHKaeii)

Ypes nesBoro
oepera — miep-
Basi BEPTUKAJIb

ITocnennss Bep-
TUKaJb - ype3
npaBoro oepera

14.3

9.2
18.7
7.7
9.6
5.1
13.5
12.8
16.9
19.4
15.8
19.3
12.2
17.4
18.8

4.1

4.8
3.5
5.0
4.4
3.9
3.3
4.7
4.2
3.0
4.0
4.2
4.6
4.9
3.6
4.7
4.1
5.0
4.0
5.0
4.5
4.8
5.0
4.1
4.3

4.4

18.6

20.0
195
19.7
17.3
18.9
18.1
18.5
16.4
19.9
20.0
18.0
20.0
24.6
15.8
18.8
17.3
19.6

Tabmuna 2




Bapuanr 1 Bapuanr 2 Bapuanr 3
(9 ckopoctHbIX (9 ckopocTHBIX (11cKOpPOCTHBIX

PTUKAJIA

BEepTHUKaJIEH) BEepTUKaJIEH) BEpPTHUKAJICH)
Ypes nesBoro
Oepera — mep- 23.5 12.4 18.6
Basi BEPTH-
KaJTb
1-2 26.4 16.6 20.0
2-3 14.7 8.9 39.2
2 3-4 26.3 11.2 36.2
RS
=
= = 4-5 16.9 9.5 36.6
XX
= 5-6 35.2 12.4 36.3
v g
> 2 6-7 19.3 9.0 38.0
A
o 2
= 2 7-8 29.6 9.5 20.0
=
S O
5 8, 8-9 18.8 13.9 24.6
Q o
S X
A o 9-10 - - 34.6
10-11 - - 36.9
[Tocnennsis
BEpPTUKAJIb - 16.6 8.7 18.4
ype3 mpaBo-
ro Oepera
Tabnuma 3
Bapuanrt 1 Bapuant 2 Bapuant 3
1.91+0.09N 0.42+0.01 N 0.51 + 0.05N




2 3.92+0.09N 0.77 +0.03 N 0.96 + 0.05N
3 4.05+0.10 N 0.84 + 0.03 N 1.09 + 0.08N
4 3.63+0.09N 1.25 +0.04 N 1.23 + 0.10N
5 4.19 + 0.25N 1.25 +0.06 N 1.45 + 0.12N
6 654+025N 1.25 +0.08 N 1.57 + 0.14N
7 6.38+025N 1.63 +0.11N 1.71 + 0.15N
8 7.40+0.25N 1.88 +0.15 N 2.12 + 0.17N
9 7.13+0.25 N 1.88+0.17 N 2.51 + 0.18N
10 6.29+0.25N 1.91+0.19 N 2.67 + 0.20N
11 4.08+0.15N 1.91+0.22 N 3.50 + 0.27N
12 4.21+0.15N 1.91+0.27 N 450 + 0.33N
13 3.35+0.15N 2.03+0.23N 5.12 + 0.40N
14  2.47 + 0.09N 2.03 + 0.25N 4.67 + 0.35N
15 2.66 + 0.09N 2.03 + 0.21N 3.77 + 0.28N
16 - 1.97 + 0.21N 2.45 + 0.20N
17 - 1.95+0.18 N 1.67 + 0.12N
18 - 1.02 + 0.13N 0.89 + 0.05N
19 - 1.02 +0.11 N -
20 - 0.52 + 0.07 N -
21 - 0.52 + 0.04 N -
22 - 0.42 + 0.03 N -
23 - 0.32 + 0.03N -
24 - 0.32 + 0.03 N -
25 - 0.32+0.02 N -
Tabaunad
Bapuanr 1 Bapuant 2 Bapuant 3
1 | 0.39 + 0.0IN 0.15+ 0.01 N 0.20 + 0.0IN
. 2 | 0.36+0.0IN 0.33 + 0.02N 0.26 + 0.01N
= E 3 | 0.65+ 0.03N 0.50 + 0.02N 0.29 + 0.01N
2 4 | 0.74+0.03N 0.55 + 0.02N 0.31 + 0.015N
2= | 5] 071+003N 0.61 + 0.02N 0.34 + 0.02N
S35 S | 6| 041+002N 0.52 + 0.02N 0.37 + 0.02N
§ = o | 7] 042+002N 0.29 + 0.02 N 0.40 + 0.03N
S 85| 8| 025+001IN 0.14 + 0.01N 0.51 + 0.03N
X 5% | 9| 020+0.01IN 0.12 + 0.01IN 0.44 + 0.03N
Z 5 10 - - 0.36 + 0.02N
% S 11 - - 0.24 + 0.01N




eMoLOrod oJoliddMIo Mrod eroxoed BUHIIAITAAIO
190000110 UMMOORMHEeXdWO(ped1 n umxddnnururreHeoded | *1 -oud

0.8 Vwm/c

KpuBas snemeHTapHBIX PacXxo0B

KpuBas cpegnux ckopocteit

gwm2/c

3.0

-4 20
1.0
2cem(1M2//¢) 40 m3/c VPOBCHD BOMBI 0
4cem(40m) 1 T JKuBoe cedeHue moroka
-2
—hMm 3
Howmepa MTPOMEPHBIX L 2 3 4 5 6
BEpPTHKaJIEH | CKOPOCTHBIX 1 2 3
PaccTosinue Mexay npo- 3.28 3.47 2.95 7.63
MEpHBIMHU BEPTUKAIISIMH, M
I'my6una, m 0.65 1.03 159 181
CkopocTh, M/C 0.12 0.25 0.35 0.50
DneMeHTapHBIH pacxon ,M2/c 0.08 0.26 0.56 0.90




Hwuxe momepeuHoro mpodwuis peku (KHUBOTO CEUYCHHS) BBIUEPUMBACTCS TO-
npoduabHas CETKa W 3aloJHAITCA JaHHBIMU ee cTpoku 1,2,3.4 u 5.

Bellie kMBOrO ceyeHusi MO JAHHBIM MSATOM CTPOKH MOANPO(UIBLHON CETKU
BbIUepuuBaeTca rpaduk ckopocreid. KpuBas ckopocteil qoiKHA MMETh IIaB-
HBIM xapakTep. MacmTab CKOpocTel peKOMEHIYeTCs MPUHSATH CIEIYIOLIUN:
lcm - 0.1 M/c a5 CTYAEHTOB, UMEIOITUX TMOPSAKOBBIM HoMmep oT 1 mo 10, a
JUIS OCTAJIBHBIX CTyAeHTOB - lem - 0.2 M/c.

Hcmonp3yst MOCTPOCHHBIA TpaUK CKOPOCTEH OIPEACISIIOTCS CKOPOCTH TO-
TOKa JJIS Te€X MPOMEPHBIX BEPTUKAICH, HA KOTOPHIX BO BpeMs HaOIOICHUN
CKOPOCTh HE M3Mepsylach. 3JHAYEHUS CKOPOCTEW 3aHOCATCA B CTPOKY S5 MOA-
npo(UIBLHON CETKH.

[Io nmaHHBIM CTpPOK 4 U 5 CETKU BBIYUCISIOTCS AJIEMEHTAPHBIE PACXOJIbI
JUI BCEX NPOMEPHBIX BepTuKaneu. [lomydeHHbIE 3HAaYEHHsI pPACXOIOB 3aHO-
CATCS B CTPOKY 6 CETKH, a 3aT€éM MO 3THUM JIaHHBIM BBIIIE YKUBOTO CEUCHHS
peKHu cTpoutcsl rpauKk JIEeMEHTapHBIX pacxojioB. KpuBasi pacxolioB Takxke
JOJDKHA OBITh TUTaBHOM. PekoMmeHmyeTcss MpUHATH CIEAYIOMIMM MaciiTald pac-
X0lIOB: 1-# W 2- ¥ BapuaHThl - [JI CTYJACHTOB C MOPSAKOBBIM HOMEPOM OT
1 o 10 B lem - 0.5m%c, a mpu N> 10 - B lem - 1mP%/c; 3 —if BapuaHT -
mpu N<10 - B lem - Im%c, a ecrm N> 10 - B lem - 2mP/c.

Jlanee, ucrnonb3ysl JaHHble MOANPO(PHUILHON ceTKH, mo dopmynam 7 U 8
BBIYUCIISIFOT Pacxoj BOJAbI PEYHOTO MOTOKA.

[Tony4yeHHBIE PE3yNbTATHl KOHTPOJIUPYIOTCS IpapOMEXaHUUYECKHUM METOIOM.
Jlnst aToro neee rpaduka CKOPOCTEH (M DJIEMEHTAPHBIX PAcXOIO0B) BhIYEPUH-
BaeTCsl MPSAMOYTOJIBHUK pPa3MepoOM MO TOPU30HTAIU 4CM WU IO BEPTUKAIU
2CM, KOTOPBIA HCIOIB3YETCS MJig ONMpEACICHUsl IEHBI JCJICHUS IIaHUMETpa.
Ecau npuHSATH, 4TO 3TOT NPSIMOYTOJBHUK MOCTPOEH B TEX K€ MaciiTadax,
yTO U rpaduK 3JIEMEHTApPHBIX PAcXo0JI0B, TO MOXHO OMNPEACIUTh KAaKOMY pac-
X0y COOTBETCTBYET €ro Imiom@anp. Tak, HampuMmep, Mg 1-ro BapuaHTa npu
N=10 nnomans npsAMOYroJbHUKA COOTBETCTBYyeT pacxony 40 m3/c (puc.l).
OOBenst MIIaHUMETPOM HE MeEHee 2-X pa3 (110 YacoBOM CTpeiKe W TPOTHUB)
BBIYEPUCHHBIN MPSIMOYTOJIbHUK, JEJIEHUEM COOTBETCTBYIOLIEIO pacxoia
(manpumep 40M3/C) Ha CpEeOHIOI Pa3HOCTh KOHEYHOIO M HAYalbHOTO MOKA3a-
HUWA CYETHOIO MEXaHHM3Ma IJIAHUMETPA B JIByX U3MEPEHUAX OMNPEIEIISIIOT
LEHY €ro JeJjeHus. 3aTeM IUIAHUMETPOM (TaK K€ JBAaXKIbl) B JCJICHUSAX IIa-
HUMETpa OMPEACNAIOT IUIOMaab (UTYpPHI, OTPAHUYECHHOW KPUBOW AJIEMEHTap-
HBIX PACXOJOB U JIMHUEH MOBEPXHOCTHU BOABL. YMHOKECHHEM IUIomanu ¢u-
Typbl Ha IEHY JIeJICHUs TUIAHUMETpa BBIYMCIISIIOT TOJHBIM Pacxoj] BOJBI peu-
HOTO MOTOKA.

[TonyyeHHoe 3HaUY€HHME pacxoja CPAaBHUBAIOT C PACXOJIOM, paHEE BBIUKC-
JICHHBIM TpadoaHATUTUYECKUM METOJOM U €CIIM HUX PACXOXKIEHHUE HE IPEBbI-
maeT 2%, pe3ysbTaThl BBIUMCICHUM CUMUTAIOTCS YIAOBJICTBOPUTEIHLHBIMU.

3aBepiiaeTcs BBINOJHEHHE Pa0OThl HamMCaHUEM U O(QOPMIICHHUEM IMOSCTEIb-
HOM 3amMCKH, KOTOpas COCTOUT W3 TEKCTOBOW M TrpadUyecKON dacTew.



JlabopaTtopHass paGora Ne2
«CocraBieHue MPOJOJIBHOrO MpodUis ydacTka PEKn»

Leap padoThl: 03HAKOMJICHHE CTYAEHTOB C HEKOTOPBIMU AaCHEKTaMU TOIMO-
rpado — reoie3NYECKUX padoT, BHIMOJHAEMBIX B IMPOIECCE MPOU3BOJCTBA WH-
YKEHEPHO — TUJIPOJIOTUYECKUX H3BbICKAHUI.

Conep:xxanue padoTbl: 00paboTKa MaTepHaOB HUBEIUPOBAHMS PaAOOUUX
YPOBHEW PEKH, BBIYHUCIECHUE OTMETOK IMPUBEACHHBIX YPOBHEH BOJOMEPHBIX
MIOCTOB M TOYEK OJIHOJHEBHOHN CBSI3KHM, COCTaBJICHHE MPOAOJIBHOTO MpPOduis
y4acTKa pEeKH.

Kparkue Teopernyeckue ImoJi0KeHUsI

[IpononbHbld TIPOGUIL PEKH, MPEACTABIAIONIUNA COOOM MPOJOJIbHBIA BEPTH-
KaJIbHBIN pa3pe3 MO CepelliHe PEeKU JIMOO IO JIMHUM HauOOJIBIIUX TIyOuH
pyciia, HEOOXOJIUM JUIsl COCTaBJICHUS CXEMbl HCIOJIB30BaHUSI PEKH, MPOCKTHU-
POBaHMS PA3IUYHBIX THAPOTEXHUYECKUX COOPYKEHHI, HAMEYaeMbIX K CTPOH-
TEJIbCTBY Ha pEKe, pa3pabOTKU CHUCTEM BOJOCHAOKEHUS M MEIUOpAILMH, pe-
HIEHUS JPYTUX 3a]ad.

CocraBnenue MpoOAOJLHOTO NPOMUIIS PEKU SBISETCS 3aBEPIIAIONIMM HTArlOM
WHXEHEPHO — I'€0JIE3UNYECKUX HU3bICKAHUW, B IMPOIECCE MPOU3BOJCTBA KOTOPBIX
BBITIOTHSIOT CJICYIONIUE PaOOTHI:

- IPOKJIaJIKa BJIOJb PEKHM MATUCTPAJIBHOIO HUBEJIHMPHOTO XOJa;

- pa3buBKa paboyux HUBEIUPHBIX XOJOB JJIs TEpeJayd BBICOT OT Maru-
CTPAJIBHOTO XOJa Ha BPEMEHHBIE PEIEPBI, PACIIOIAracéMble HEMOCPEICTBEHHO Y
pEeKHU;

- HUBEJIMPOBAHUE IMOBEPXHOCTHU BOJbI B peKe, a MpU HEOOXOAUMOCTH M IO-
MEPEYHUKOB;

- OCYIIIECTBIICHUE €XEIHEBHBIX HAOJIOJCHUI YpOBHEW BOJBI Ha BOJAOMEp-
HBIX MOCTAaX;

- ONPEACIIEHNE OTMETOK BBICOKOI'O MCTOPUYECKOTO TOPU30HTA IS BCEX BO-
JIOMEPHBIX TOCTOB.

N3-3a HEBO3MOXHOCTH BBIMIOJIHUTH OJHOBPEMEHHO HUBEIUPOBAHHE YPOBHEU
BOJbI HAa BCEM WJIM 3HAYUTEITHLHOM MPOTSKECHUU PEKH €€ pa30MBaIOT Ha
Y4aCTKH, HUBEJIUPOBAHUE KAXKIOTO M3 KOTOPHIX BBHIMOJHSIOT B TEUCHHE O]I-
HOro nHs. Ha rpaHuiiax Takux y4acTKOB pacmoJiaratoT BOJOMEPHBIE IOCTHI, a
MEXJly HUMHU JOMOJHUTEIBHO YCTaHABJIMBAIOT TaK Ha3bIBAEMbIE TOYKH OJIHO-
nueBHou cBsizku (TOC).

YpoBHM BOJbI Ha BOAOMEpHBIX mocTax U TOC, OTMETKH KOTOPBIX OIpese-
JISIIOTCSL B PE3yJIbTaTe€ HUBEIMPHBIX PabOT, HA3BIBAIOTCS PabOYMMU YPOBHSIMU.
Ecnu Ha mpoduiie pexku IHMHUIO TMOBEPXHOCTH BOJABI MPOBECTH MO OTMETKaM
pabouux ypoBHEW, TO 3Ta JIMHUS OyJeT UMETh Pa3phIBbl (Mepernajbl) HA BO-
JIOMEPHBIX MOCTax BCJIEACTBUE PA3HOBPEMEHHOCTH HUBEJIMPOBAHUSI YPOBHEH
BOJIbl HAa CMEXKHBIX Y4acTKaX PEKH, a 3HAYUT M Pa3HOCTH OTMETOK YPOBHS
BOJIBI HA OJHOM M TOM K€ BOJOMEPHOM IIOCTYy B pPa3HbI€ JHU M3-3a IMOCTO-
SHHOTO W3MEHEHHS YPOBHS BOABI B peke. OMHAKO €XKETHEBHBIC HAOIIOACHUS



YPOBHEM BOJbBI HA IOCTAX B TEYEHHUE BCErO NEPUOAA IMPOU3BOACTBA HUBEIUP-
HBIX Pa0OT MO3BOJIAIOT OMPEACNIUTh BHICOTHI YPOBHEH Ha BCceM (MM 3HAYU-
TEJIbHOM) MPOTSDKEHUM PEKU MO COCTOSIHMIO Ha €IMHBIA MOMEHT BpPEMEHHU.
Takue ypoBHHM BOJIIbI Ha3bIBAlOT IMPUBEACHHBIMU WJIM CPE30YHBIMHM, a Pa3HO-
CTH BBICOT pabOuYMX M MPUBEJICHHBIX YPOBHEW HA3BIBAIOT CpPE3KaMU, T.€.

AH = Hpas — Hupusen. Ha mponosnibHOM mpoduiie JUHUS NPUBEICHHBIX YpOBHEH
npecTaBiIsieT co0oil JoMaHyr0 JTUHUIO 0e3 pa3pblBOB. J[1s HaHeceHHs ee Ha
npodwiib pekn HE0OXOIUMO 3HATh KPOME TMPUBEICHHBIX BBICOT BOJOMEPHBIX
IIOCTOB YU OTMETKH MPHUBEACHHBIX YPOBHEH BOABI B TOYKAX OJHOJIHEBHOMN
CBA3KU. BBIUMCISIOT 3TM OTMETKM NHPH PAa3HOCTH CPE30K HAa BOJOMEPHBIX IIO-
CTax, OrpaHUYMBAIOIIMX YYacCTOK peKH, He mpeBbimaromei 10cm, mo ¢opmy-
JaM:

HIToc = HTOC - AHToc \
AHg - AHp
X = mmmmmmmmmmsmsee- |1 9)
I, + 1, >
AHg - AHa
Y= e P
I + 1

rie: Ha, Hg, Hyoc - OTMeTKH pabouymx ypoBHEH BOJbI COOTBETCTBEHHO Ha
HIDKHEM A ¥ BepxHeM B BOJOMEpHBIX NOCTax, orpa-
HUYMBAIOIIUX YYaCTOK PEKHU, a TAK)KE€ Ha TOUKE OJ-
HOJIHEBHOM CBS3KH, PACIOJOXKECHHOW MEXIY IOCTaMH
A nB;
H,oc - OTMeTKa mpuBeneHHoro yposHs Ha TOC;
AHa , AHg , AHyo - cpe3kn ypoBHer Ha moctrax u TOC;
l; — paccTosinue ot HrKkHero BogomepHoro mocta A mo TOC;
I, - paccrossaue ot TOC m0 BepxHEro BOJOMEpPHOro mocra B.
Ecau xe pasnocth cpe3ok AHn m AHp cocraBmser 6omee 10cMm, cuuTaror,
4TO 4uCcI0BO€ 3HaueHHEe AHp,c M3MEHAETCA MNPONOPUUOHAIBHO BEJIWYMHE Ta-
JICHUSI PEKHU, W JJIA ONPEACICHUS BBICOT NMPUBEIACHHBIX YPOBHEM TOYEK OIHO-
JTHEBHOW CBSI3KM PEKOMEHAYIOTCS (POPMYIIBIL:

H'TOC = Hioc - AHroc I
AHTOC = AHA +X= AHB -y
AHgp - AHp
X = memmmmmmmmmsmmeees (HTOC - HA)
Hp - Ha > (10)
AHg - AHp
y = e (HB - HTOC)

HB-HA j



B ¢opmynax (10) obGo3HaueHus aHATOTUYHBI OOO3HAYEHUSIM, HCIIOJIb30BAH-
HbIM B Qopmynax (9). Cmbici npuUBEACHHBIX (OPMYJT CTAHOBUTCSA TMOHSITEH
P PACCMOTPEHUM CXEMBI, U300paKEHHOW Ha puc.2.

[Ipu monw3zoBanuu dopmynamu (9) u (10) He ciemyeT 3a0bIBaTh, YTO
Cpe3Ka ypOBHEW eCTh BeIMYMHA ajreOpandeckas U, CIeJOBaTeIbHO, MOXKET
ObITh KaK IOJOXKUTEIbHOW (KOrjJa OTMETKa MPUBEIACHHOIO YPOBHS MEHbIIIE
OTMETKU paboydero ypoBHS), TaK M OTPHUIATEIIbLHOM.

A A J— A A A
(AHg - AHA) (Hp - Hy e —[==—"3Y (AHg - AHa)
== A A A 4
(HB_HA) V" " —— A
v — ——'?— - cHToc' HA) * AHA AHB
4 A | Pa6ouuii ypoBeHs" AHpoc JAHA v v
- — Ty A
AH/A — " — T A
[IpuBeneHHbII ypon;el:b\

H A H 'A HTOC H'TOC HIB HB

YpoBeHHasT MMOBERKHOCTH

A TOC B

|1 I2

&

»ld »
L] L

Puc.2. Onpenenennie Cpe3ok Ha TOYKAX OJIHOJHEBHOW CBSI3KHU
Hcxoanble JaHHbIE M YKA3aHUSI 1O BBINOJHEHHIO PadOTHI

HcxonHbIMU JTaHHBIMU K paboTe SBISIOTCS PE3yibTaTbl HUBEIUPOBAHUS
BOJHOW ITOBEPXHOCTM HAa BOJOMEPHBIX IIOCTaX M TOYKAX OJHOIAHEBHOM CBS3KH
C YKa3aHWeM JaThl HUBEIUPOBAHUS, @ TAKXKE PACCTOSAHHUS MEXIY IMOCTAMHU H
TOC, oTMeTKH 1Ha peKH, BBICOKOI'O HCTOPUYECKOTO TOPU30HTA, OpOBOK Jie-
BOTO W TMPaBOro OEperoB PEeKH, MPHUBEICHHbIE B TaOM. 5

B Tabn. 6 mpuBeneHbl pe3yabTaThl €KETHEBHBIX HAOIIOACHUN YpOBHEM
BOJbI Ha BCEX BOJOMEPHBIX IOCTax 3a MEpUOJ Mail — MIOHb Mecslbl. BricoTa
YPOBHSI BOJbl Ha TOCTY Ha 3aJaHHBIM JEHb OMNpEAeNseTcs] MO JAHHBIM ITOU
TaONMIBl KaK CyMMa OTMETKM HyJsl Tpaduka BOJAOMEPHOrO IMOCTa U IMPEBbI-
IIEHUS YPOBHSI Ha MOCTy Haj HyJeM rpaduka. Tak, Hanmpumep, s mocrta
«TpexocTpoBckas» Ha 15 uroHsA BbICOTa YpOBHSI BOabl paBHa: H =26.17+ 3.43=
29.60m, a nmna mocrta «llepekorickas» Ha 1 Mas OTMETKAa ypOBHSI COCTABHT:
H=32.30+7.25=39.55m.

[TonyunB 3amaHue oT mpenojaBarenisi (yKa3blBaeTCs JJIA KAKOTO y4acTKa
peKd HEOOXOJMMO COCTaBUThH MPOAOIBHBIN MPOGUIL W J1aTa TPHUBEACHUS
YPOBHEW BOJbI HA BCEM YYacCTKE PEKH), CTYIAEHT MPOU3BOJUT HEOOXOJIMMBIE



BBEIYHCIICHUST U 3amoiHseT Tabmu. 7. Ilopsmox 3amonHeHUS TaOIUIBI CIEAYIO-
LIUH.

[Ipeanonoxxum, HEOOXOAMMO COCTABUTH MPOGUIL JJIA ydacTKa , OrpaHUYCH-
HOTO BOJIOMEpHBIMH MocTaMu «TpexoctpoBckas» u «KpyToBckuil» ¢ mnpuBe-
JneHueM ypoBHeW Bojabl Ha 1 utons. M3 Tabn. 5 mepeHocsATcs COOTBETCTBYIO-
ne aaHHeie B rpadsr 1,2,3,4,5 u 6 Tabn.7. 3ateM 1o JaHHBIM TalJ. 6 BbI-
YUCJISIIOTCS. OTMETKU MPUBEJACHHBIX YPOBHEH Ha BOJOMEPHBIX IMOCTaX
«TpexoctpoBckas», «llepekonckas» n «KpyTOBCKMI» M HMX 3HAYEHUS 3aHO-
carcs B tpader 8 u 10 Tabn. 7 (B mpumepe Hipexocrp = 30.80M, Hepex=36.91m,
H pyr= 46.48M).

Cpe3ku Ha BOJIOMEPHBIX MOCTaX BBIYUCISIOTCS KaK Pa3HOCTh OTMETOK pa-
O0ounx W TpHUBEACHHBIX ypoBHeH. [lomydeHHbIE 3HAYCHHS 3aHOCATCS B Tpadbl
7 u 9.

Jlanee HEOOXOAMMO TMOCJENOBATEILHO BBIYUCIUTH cpe3ku misi Bcex TOC
no Qopmynam (9) u pe3ynabTaThl BBIYUCICHHN 3amucaTth B rpady 7. s
KOHTpOJIsE BbIuucIuTh cpe3ku Ha TOC mo ¢opmynam (10) u pes3ynbTaTsl
BHeCTH B Tpady 9.

OtmeTtku mnipuBeneHHBIX ypoBHeW migs TOC BBIYUCHSAIOTCA Kak ajredOpanye-
CKas pa3HOCTh OTMETKH pabouero ypoBHS M CPE3KH Ha COOTBETCTBYIOIIEH
TOC. BpicoThl TmpHUBEJEHHBIX ypoBHEH BHOcsTCA B Tpader 8 u 10.

[Io BBIYMCIEHHBIM OTMETKAM MPUBEACHHBIX YPOBHEW OMPENCNSIOTCS Iajie-
HUE YPOBHS M YKJIOH BOJHOW IMOBEPXHOCTH ISl KaXJOTO ydacTKa PEKU
(rpader 11 u 12).

Ha »ToM 3akaHuMBarOTCsSl BBIUMUCICHHS M J1ajie€ HEOOXOIUMO IMOCTPOUTH
MpOJOJBHBIA Tpoduib peku. PekomeHayembie MacmTaObl Il TTOCTPOCHUS
npoduns ciaeayromme: ropusoHTanbHBIM 1 : 1000000 u BepTUKaNbHBIN 1 :
200.®opma u pasmepsl noanpodunbHON ceTku mpuBeaeHsl Ha puc.3. Ilpo-
¢bunp HEOOXOIMMO BBIYEPUMBATH HA JIUCTE MHJIJTUMETPOBOW OyMaru BBICOTOM
29.5cM, B OCHOBHOM, 4e€pHOW Tymibt0. OIHAKO pa3HbIE JIMHUM MOBEPXHOCTH
BOJIbI, JJHA U KPOMOK O€peroB cieayeT H300pakaTh TYIIbIO Pa3HOTO IIBETA.

Otuer mo naGoparopHON pabOTE BKIIOYAET MOSICHUTENIBHYIO 3aIllMCKy C HC-
XOJIHBIMU JTaHHBIMHU, pacuye€TaMd M HEOOXOJUMBIMHU TOSCHEHHUSIMH U OTHCAHUE
MPOJIOJIBHOTO TIPOQHIISL.

Tagnuua 5




Ne HaszBanmsi BogoMmepHbIXx  Paccrosuuss ~ PaGoune OtmeTKH ,M

MTOCTOB M TOYEK K VPORHK BbpoBok Oepera
OJTHOJHEBHOU ot |mexay Hara | Ot- BUTI Jna
CBSI3KH ycThsi| B/l MeT- NpaBoOro | JEBOTO
nosM wu Ka,
M TOC | TOC M

B/ TpexocTpoBckas 512 15.06|29.60 34.32 25.71 36.57 34.12
toc CHUpOTHHCKas 562 > -/l --131.85 --- 27.80 38.80 35.36
' toc HoBorpuropnesckas ~ 591 » -//-13330 - 29.73 41.95 36.93
B/m Ilepekornckas 633 * --//--135.69 40.82 32.25 44.03 39.28
B/m Ilepekornckas 633 10.06|36.11 40.82 32.25 44,03 39.28
Toc Pacrnonunckas 691 ” -1--139.76 - 36.06 47.25 43.95
i toc CepapumoBHIn 721 % -//--14187 --- 37.75 50.14 47.39
B/m KpyroBckuii 765 . - //--14559 51.39 41.19 52.81 53.36
B/m KpyTroBckuii 765 05.06(46.14 51.39 41.19 52.81 53.36
Toc BereHckast 814 * --//--150.60  --- 46.23 | 56.83 58.51
’ toc Kasanckas 886 b -1/ --]1 56.86  --- 52.86 62.19 62.15
B/l MoHacCTBIpIIMHA 908 # --// -- | 59.03 63.90 54.77 63.50 65.74
B/l MoOHAaCTBIpIIMHA 908 03.06(59.37 63.90 54,77 63.50 65.74
toc [loAKOIOCHOBKA 959 - --// --163.96 --- 60.15 68.12 69.88
* toc Bepxuuii Manbra 995 ¥ --/[--165.66 --- 63.25 71.80 71.90
B/ Hosas Kanutea 1044 * --//--168.62 74.03 65.57 77.42 75.65
B/n Hosas Kanutsa 1044 21.05(69.31 74.03 65.57 77.42 75.65
toc IlaBrmoBck 1092 * -/l--|70.71 - 68.41 79.85 77.96
° toc Kamenka 1158 » -//--|7369  --- 69.69 82.24 | 7881
B/m ['eopruy — dex 1196 ¥ -/ --|{75.47 80.99 72.20 85.63 80.19
B/m Teopruy — Jex 1196 20.05(76.08 80.99 72.20 85.63 80.19
toc IlerpoBckuii 1236 * -/[--| 71857 --- 75.48 88.91 83.10
° toc HoBoBopoHE) 1268 ¥ -//--18081 --- 77.31 90.33 86.04

B/ CeMWIyKH 1324 » --//--|84.55 89.92 81.30 94.06




Tabnuma 6

Hassa] Tpexoc- [lepexon- |KpytoBckuii | MoHacTbIp- Hogas I'eopruy- Cemuiy-

Hue R/TT TPORCKAS cKast IIAHA Kanutra Jlex KU

OTtmeT

Ka HY- | 25.17m 32.30m 42.33m 55.61m 66.49m 72.48m 81.54m

U1t Tpa

(hbrka

[IpeBbilieHne ypoBHA BOABI HaA HyJleM rpaduka B cM

Mecsr| Mali | MIOHB | Mall |MIOHB | Mall |MIOHBb |Mail |HMIOHB | Mall | MIOHB |Mall |MIOHb Mall |HIOHB

Ywncao
1 731 | 463 | 725 |461 |[680 |415 |630 |403 |450 |[225 |545| 281 |470 (241
2 719 | 450 | 712 | 454 |[677 |408 |623 |391 |435 |[218 |530 | 275 |465 (234
3 710 | 439 | 703 |446 |[667 |400 |616 |376 |428 |213 |517 | 266 |452 (229
4 | 698 | 428 | 695 |440 (658 | 391 |611 |359 |420 |206 P05 |260 (441 |223
5 683 | 418 | 689 |431 |[651 | 381 |605 |342 |411 (200 495 (255 (433 (215
6 672 | 410 | 679 |424 |[645 | 370 | 598 |330 |398 |[195 |483 (250 (426 (210
7 670 | 399 | 672 |416 |[640 | 359 |591 |320 |384 |[191 |475 (244 (419 (206
8 660 | 393 | 666 |406 |[633 | 348 |585 |311 |373 |[185 |471 (238 |409 (201
9 651 | 385 | 656 |391 |[625 | 338 |577 |303 |365 |[178 |467 (233 |397 (197
10 | 642 | 378 [ 648 |381 |617 | 326 |570 [296 |355 |170 (461|225 (384 |192
11 | 634 |370 (641 |372 |608 | 316 |564 |[290 |348 |162 (451|220 (374|189
12 | 626 | 363 | 635 [363 | 595 | 308 | 560 |285 (344 | 155 (446|212 |362 |181
13 | 619 | 356 | 626 [355 |[580 | 300 |555 |281 (339 |150 |437|205 |350 |178
14 | 609 351 |[620 |347 |570 | 293 |549 (275 |333 |147 (430|193 (340|173
15 | 598 343 |[611 |339 |562 | 287 |542 |[270 |326 |143 (422|188 (333|169
16 | 590 335 [599 334 |555 | 282 |530 (260 |318 |140 (414|185 (326 |161
17 | 585 330 [590 |331 |[549 | 275 |520 |[252 |309 |135 (399|180 (320 |154
18 | 579 | 323 [ 580 |328 |542 | 269 |513 |[245 |303 |130 (385|176 (315|150
19 | 570 319 (572 |324 |534 | 264 |507 |[240 |295 |124 (372|169 (307 |145
20 | 560 [315 | 564 |319 |525 | 261 |501 |235 |288 |120 |360 (163 |301 (141
21 | 553 [312 | 551 |313 |512 | 255 |495 |232 |282 |115 |349 (155 |296 (135
22 | 545 [307 | 545 |309 |501 | 248 |488 |226 |278 |110 |339 (150 |290 (132
23 | 538 [301 | 539 |306 |491 | 243 |480 |220 |274 |103 |331 (147 |285 (130
24 | 526 295 | 530 |301 |[482 | 240 |467 |215 |270 96 324|141 |278 |125
25 | 518 (288 | 520 |294 |[474 | 235 | 456 | 211 |266 88 |318 (136 |275 | 121
26 | 511 (284 | 509 |288 |[461 | 229 | 446 | 204 | 261 | 84 |313|134 (270|116
27 | 503 282 | 500 |283 |[450 | 225 | 438 | 200 |257 79 |309 (130 |264 | 111
28 | 495 (279 | 493 |277 |[440 | 220 | 433 | 195 |251 74 1304 (126 |259 | 107
29 | 485 (275 | 488 |274 | 435 | 214 | 427 | 190 |245 71 1298 [119 |253 | 102
30 | 480 | 271 | 480 |269 |428 | 209 | 420 | 183 |237 67 |290 (115 |249 | 98
31 | 471 | - 470 - 421 - 412 | - 230 - | 285] - 245( -




Tabmuma 7

Ne| Haumenosanus |Paccrosinusg Paboune IIpuBenenusnie yposau Ha 1.06 [[Tanenue | Ykion
[ydaal BOJOMEPHBIX B KM YPOBHHU IO paccTosi- |IMO Pa3HOCTU YpOBHS | ie 106
ct| moctoB u TOC | OT MEXIy |daTa PTMCT- HUSM OTMETOK B M
Ka YCThS |[TOCTa- Ka |cpe3Kkd OTMET- cpe3Ka 0TMET-
MU B M|BM|KiBM|BM |[KaB M
1 2 3 4 5 6 7 8 9 10 11 12
B/m1 TpexocTpoB-
cKas 512 15.06 |129.60 |-1.20 | 30.80 [-1.20 | 30.80
TOC Cupotusn- 50 +2.26 45
CKast 562 --/[-- {31.85]-1.21 | 33.06 |-1.21 | 33.06
1
29 +1.45 50
TOC Hosorpu-
ropeeBckas | 591 -/l-- 133.30(-1.21 | 3451 |-1.21 | 3451
42 +2.40 57
B/n [lepexonckas| 633 --/l-- 1 35.69(-1.22 | 36.91 |-1.22 | 36.91
B/1 [lepekonickas| 633 10.06 | 36.11(-0.80 | 36.91 (-0.80 |36.91
58 + 3.69 64
TOC Pacno-
IMUHCKas 691 --//-- |39.76 0.84 |40.60 [-0.83 | 40.59
30 +2.13 71
TOC Cepadu — | 721 --//-- |41.87 |-0.86 | 42.73 |-0.85 | 42.72
MOBHYH
44 +3.75 85
B/m KpyToB-
CKHH 765 --//-- |45.59 |-0.89 | 46.48 |- 0.89 | 46.48
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—
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TIpononbHbI
npodus p. Jon
Ha ydactke Tpex-
ocTtpoBckas — Kpy-

BUT' |
JEBEIE Geper

ng[xlﬂeiermmﬁ YPOHEHb
palpfiii yposeHb

IPBTE\
JTHO| pEKU

TOBCKUI =
MacmtaOsbr: 20 - S
I' 1: 1000000 g 2 « B
B 1: 200 S 3 2. 5 g 5 =
13} 5 © & 5] ) =
o) = Q e s [~
2 = g 5 =k 2
& = E" < o =+ o)
Q =} Q O = < =
s =H 2 2, o o, =
» ~ Q O < Q oa
g ORI < = A& O Z
= g g £ g g =
E = = & = = @
m
najicHue B M 2.26 14 2.40 3.69 21 3.75
vKIoH, je10° 45 50 57 64 71 85
Paccrosausa B kM 50 29 42 58 30 44
neBoro Oepera 34.12 35.36 36.93 39.28 43.95 47.39 53.36
paBoro oepera 36.57 38.80 41.95 44.03 47.25 50.14 52.81
BBICOKOTO UCTOPH-
yeckoro ropm3onta  (34.32 40.82 51.39
=
; pabouero ypoBusi  (29.60 31.85 33.30 35.69/ 36.11 39.76 41.87  45.59
4
‘E Cpe30YHOr0
S | yposHs Ha 1.06 30.80 33.06 3451 36.91 40.60 42.73  46.48
IHa 10 ocu peku  [25.71 27.80 29.73 32.25 36.06 37.75 41.19
/laTa HUBENMPOBAHUS
pabouux ypoBHeEH 15.06 15.06 15.06  15.06/10.06 10.06 10.06  10.06
Kunomerpax 512 562 591 633 691 721 765
550d9 600é9 650é9 700d9 750é9

Puc. 3. [IpononbHbIil pogmiih ydacTKa peKu



