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[image: image6.png]a3MMYTaX PACIIONOKEHHs HETBIPEXIIEKTPOIHON CHMMETPHYHON yCTAaHOBKH
AMNB (uauue Bcero 1o asumyTam gepes 30 uiu 45°), T.e. onpenensioT He 0HO,
2 HECKOJILKO 3HAYEHHIl p, B Pa3HLIX HaNpaBleHusx; (puc. 1,a). IMo TaHHbIM H3Me-
PEHHs CONPOTHBIIEHUH CTPOAT KPYTOBLIE WIH MOJIAPHBIE AHarpammel oy (Puc.1,6).

Kpyzoeie 30n0uposanus (KBI3) npenctasnsior coboit nadop B33 seimon-
HAEMBIX Ha OJHOIl TOYKE B HETHIPEX IOCTENOBATENLHLIX a3UMYTaX, T.e. Hepes
45°. Tlo pesynsraram KBD3 cTpoAT KpyroBble HIH IHOJNAPHBIE IHATPAMMBI O
IUIsl KaJKIIOTO pasHoca.

Pucysox | Kpyrosoe npoiuiposasiee: @ - PACTOTOKEHHE  YCTAHOBKH  Ha  TOMKE:;
6-nonapras marpawya pe

MuTepnpeTanuio IHarpaMM MPOBOIST € YHETOM NapaloKca aHH3OTPOIHH,
KOTOPBIil 3aK/TI04a€TCS B TOM, 4TO HCTHHHOE CONPOTHBICHHE BIOMb HAILIACTO-
BAHHMA TOPOI M MPOCTHPAHHs TPELIMHOBATOCTH MEHBIIE, HEM BKPECT Harlla-
CTOBaHHsA NOPOJ U NPOCTHPAHHS TPELIMH, & KaKYyIIeecs CONPOTUBIEHHE, Ha-
0B6OPOT, 110 HAIIACTOBAHHMIO W BIOIb TPSUIMHOBATOCTH GOIBLIE, HeM BKPECT
HAITaCTOBAHHA U TPEIIHHOBATOCTH. DTO OOBACHAETCSA TeM, 4TO KOTJa ycTa-
HOBKa Pacro/ioyeHa BI0Mb TPEUIMHOBATOCTH, TOK OT 3JIEKTPofIa A TEHeT K J7eK-
Tpody B BIOIb TPELUMH, IIIOTHOCTh TOKA B JMHUM MN BLICOKas, pa3HOCTh 110~
TeHuHanoB AU Gonbluas, a cleIoBaTeqbHO, U 3Ha4eHHs o, Bbicokue. Korma yc-
TaHOBKA OPHEHTHPOBAHA NIONEPEK TPELIHH, TOK PACTEKAETCs B CTOPOHBI BIOMb
TPELIHH, ILIOTHOCTb TOKA B MiHMH MN MeHbILE, a CISIOBATENLHO, H 3HAUCHHS Oy
MHHHMATBHBIE, XOTs (DAKTHYECKH CONPOTHBICHHE IOPOX B STOM HAIPABICHUH
HanGoIee BLICOKOE.

Takum 06pa3oM, P OTCYTCTBHH AHH3OTPOIMH JHATPAMMA HMEET BHI OK-
PYXKHOCTH, a HaJl AHH3OTPOIIHON cpenoii nomyyaercs e, [UHHHA OCh -
IMICa yKa3bIBAeT HAIPABICHHE MAKCHMAILHON KOHIEHTPALMH TOKA, T. €. roc-
MOICTBYIOLIEE HANPABIEHHE TPEIHHOBATOCTH WIIH CIIAHLEBATOCTH MOPOI.

MUKPOMATHHTHAs CHEMKA MPEJICTABIAET COGOH OIMH W3 BHIOB MArHHTO-
Pa3BENOUHBIX PaboT, NMPeIHA3HAYEHHBIH 1T H3YdeHHs JOKATLHBIX TeolorHYe-
CKHX 3]IEMEHTOB, OTPAKAIOWMXCH B MHKPOCTPYKTYPE MATHHTHOTO IOMA. Bel-



[image: image7.png]TOJHAETCs TAKAs CHEMKA C BBICOKOI TOUHOCTBIO M GOMBILLIOI TyCTOTON CeTH TO-
4Yek HaOmoNeHWH, M NPHMEHSeTCs B  OCHOBHOM [  JHTOIOrO-
[ETPOrpa@uuecKoro u CTPYKTYPHOTO H3Y4EHHs HErIYGOKO 3alEralouux Mopox
(10 10-15 w).

BBIIENAIOT HECKOIBKO BUIOB MHKPOMATHHTHOH CHEMKH: 710 MUKPONIOWA0-
Kam u no muxponorocam. MHKPOMATHHTHAA CBEMKA [0 MHKPOILTOMIALKAM
NPHMEHACTCA, TIaBHBIM 06Pa30M, Ui JTHTONOTHYECKOTO PACUICHEHHs MOPOI,
MEPEKPBITLIX MATOMOIIHBIMH PBIXITLIMU OTI0KeHUAMH. OcobenHo ona sddek-
TMBHA NP M3YHEHHH 30H TPELIHHOBATOCTH M ONON3HEBLIX CTPYKTyp. Couera-
HHE CHLEMKH C IOBBICOTHEIMH H PEKHMHBIMH HAGMIONEHHAMH [PH H3YYCHHH
OION3HEBBIX CTPYKTYP MO3BOJAET MPOCIEAHT: H3MEHEHHE BTOPHHHOI TPEllH-
HOBATOCTH, BO3HUKAIOWIEH N0 IefCTBHEM IHHAMHYECKHX HANPSKEHHII, C TiIy-
GuHOIT 1 BO BpeMeHH. ChEMKA BBIIOIHACTCS IPH OTHOCHTENBHO POBHOM Pellbe-
(e 3eMHOIl NIOBEPXHOCTH HA MIIOLIATKAX OTPAHHYEHHBIX PA3MEPOB, Paccpero-
TOYEHHBIX HA MCCIEIYeMOl MIoman. YHCIo H pa3Mepsl [IIOLATIOK yCTaHaB-
JIHBAIOTCA C YHETOM PellaeMbIX 3anad. [Ipu H3yHeHHH M0BEPXHOCTHBIX HEOIHO-
POIHOCTEH ATHHA CTOPOHB! TAKOH IUIOWANKH AOIKHA OBITh MEHbLUE [IyOHHbI
3aJleraHus KOPEHHBIX TOPOJ, HTO MO3BOMAET OCTAbHTh BIHAHHE HEOTHOPOIHO-
cTu nocneanux. Pasvep mukponomanok 10X10, 20X20 u 40X40 M. CeTs Ha-
Bmonenuii npunuMaetcs cooTBeTcTBEHHO 1X1, 2X2 u 4X4 M ¢ yueTom pasme-
POB MarHHTHBIX HEOJHOPOAHOCTEH (10 3-5M U Gonee). OBs3aTeNneH yHET KOPOT-
KOTEPHOMIHBIX BAPHALHMIT TEOMArHHTHOTO MOJIS.

Jlns mccnenoBanue CTPYKTYp THHEHHOTO THIIA, TAKHX KaK 30HBI Pa3lioMOB,
TEKTOHHYECKHE HAPYLIEHHS, 30HBI TPELIMHOBATOCTH, MOTPeSeHHbIE OMHHEL,
JafKu M OIOJI3HH NMPHMEHSIOT CIOCO6 MHKPOMATHUTHO! CLEMKH 110 MHKPOIO-
70CaM, PACMONOKEHHBIM BIOTL UIMHHON OCH CTPYKTYphl. HaGmomenns Ha
MHKPOIIOIIOCE NPOH3BOIATCA MO MPAMOYTOMLHOM, KBAIPATHOM WIM TPEyrolb-
Hoii cern. llar no npoduiio, Kak npasuiIo, cocrasiser 1-2 M. PaccrosHue Me-

Pucyrox 2 KapTa MUKPOMATHNTHOTO 1075 B BUAE
m3omuHan
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TPEXKPATHBIM NPEBLILICHHEM I1ara HafIIoNenHii. 3T 3aBUCHT OT CTENEHH yc-
TOHYHBOCTH KOPPETALMOHHBIX [IPH3HAKOB.

Pe3y/IbTaTEl MHKPOMATHHTHOM CHEMKH 110 MHKPOILTOMIAAKAM NPEICTABIAIOT

B BHJE KapT M30auHaM (pHc. 2). B ocHOBE MHTEpNpEeTaLHH MOTYYEHHLIX NaH-

HBIX JI&KHT AHATH3 H3MEHSHHUIT IPOCTHPAHHA H30IHHAM MHKPOMATHHTHOTO 110~

1, BBIABIEHHBIX B NPOLIECCE CTATHCTHYECKOH 0GPAGOTKH JaHHBIX METOIOM yr-

JI0BOH CTAaTHCTHKM (NOCTpPOEHHE PO3 HanpapieHuil nzomunam). CyTe MeToma

YITIOBOIT CTATHCTHKH COCTOMT B TOM 4TO, KayKIy0 H30JTHHHIO IETAT HA OTPE3KH

B 5 (10) MM, OnpeseNsIoT a3UMYT HaNpaBleHHs KakIoro OTpesKa I10 asHMYTy

KAcaTe/BHOIl K CEPeIMHE OTPe3Ka KPHBOM M MONCUHTHIBAIT HHCIO OTPE3KOB C

OJIMHAKOBBIMH a3MMYyTaMH, OKpYTJIeHHbIMHU 10 5(10)°. 3aTem cTpouTcs po3a Ha-

npasiennit n3omHaMm. s ee MoCTPOeHHs HEOGXOIMMO 10 PaTHycaM, HIYIIHM

uepes 5 (10)°, oTI0KHUTL B Onpe-

v JeleHHOM MaciuTabe paccTOsHHUs,

TPOTOPLIMOHANTBHBIE  YHCTIAM  T10-

BTOPAEMOCTH a3UMYTOB (puc. 3).

Po3a HANPaBIEHHOCTH H30IMHAM

AT BO3MOXKHOCTh  ONpENelHTh

TPEUMYILIECTBEHHOE NPOCTHPAHHE

HapYUIEHHBIX 30H H TPELIHHOBATO-

CTH, YCTAHOBHTb BOSHHKHOBEHHE

Picysox 3 Poza HanpasiekHocTit BTOPHYHOH  TEKCTYPEl IOPOX W
wa0mHaN NPOCIEIUT: €€ pasBHTHE BIOMbL
BCel CTPYKTYpBL

Pe3y/IbTaTEl CHEMKH 110 MHKPOIOIOCAM MOTYT GObITh NPEICTABICHH B BHIE
KapThl u3omuHaM  rpadukos AT, a Takke rpadukoB no npoduism, mpoiuo-
JKEHHBIM 110 LEHTPATLHBIM WM KPAeBBIM ITHKETaM MONOCH!, H PO3bI HANpaBIeH-
HOCTH M30MHAM BIOJb BCEl MOMOCkL TaKyio CepHIO PO3 H30IHHAM MOKHO I10-
JIY4HTB, €CITH BCIO TOJI0CY PA3GHTh HA OTACILHEIC MHKPOILIOWAIKH C MEPEKPEI-
THEM B HECKOILKO IIpoduueii.

Bonpock! 1715t CaMOKOHTPOIS

1 Kakne MeToMIbI 37IeKTPOPa3BENKH HCTIONB3YIOTCS I H3YHEHHs TPEUIMHO-
BaTOCTH TOPHBIX nopon?

2 YTo TaKkoe aHH30TPOINUs TOPHBLIX 110poa?

3 B 4eM 3aKJII04aeTCs NapajoKe aHH30TPONUU?

4 B 4eM cyTb MUKPOMAarHHTHOH cheMKn?

5 UTo 1103BOIIAET ONpEENsTh MHKPOMArHUTHAS CheMKa?

6 KakoBa cyTh MeTOZIa YII0BOI! CTATHCTHKH?
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«OuenKa TPeIHIOBATOCTH FOPHLIX MOPOT METOAAMH JTeKTPOPAIBEAKH)

Lean padoThbl: NpHOOpeTeHHEe HABLIKOB 06PAGOTKH H HHTEPIPETALIMH PE3YIlb-
TaToB KPYTOBLIX NPO(GUIHPOBAHHS H 30HIUPOBAHHS.
Martepuasl H oGopyaoBalHe: MULTHMETPoBas Symara, KalbKyIaTop.

3anauue

Ha omHOM M3 Y4acTKOB CTPOMTENLCTBA KPYIHOTO HHKEHEPHOTO OOBEKTA
BBINOJTHEHBI 3IEKTPOPa3Be10uHbIE paboTel MeTonoM KB3  cummerpuuHoit yc-
Tauoskoli AMNB. HeoGx0oauMO MO MOJEBBIM JaHHBIM OIPEETUTh TOCMOM-
CTBYIOLICE HANIPABICHHE TPELIHHOBATOCTH M OUCHHTH €€ H3MEHEHHE C TIIyGH-
Hoii (pe3ynbTaThl paboT AaHkl B Tadauuax 1-5).

Tabaunua |
Hosep | Asiyr, Suaueris AB/2, M
sapuanta | rpazyc
10 |20 |40 | 100 | 150 | 200 | 500 | 750 | 1000
0 15 |28 (45| 48 [ 62 | 75 | 60 | 84 | 9
. 45 145 |29 44 36 [ 64 [ 80 | 63 [ 82 | 94
90 155 |31 |42 52 [ 61 [ 7262 [ 79 | 92
135 16 3043 142 [ 180 | 210 [ 250 | 300 | 340
Tabaiua 2

Suaucris AB/2, m
Homep | Asimyt,

BapuaTa | rpaayc 10 20|40 | 100 | 150 | 200 | 500 | 750
35 64 |65 [90 [ 150 [ 210 [ 240 [ 300 [ 360
80 62 |64 || w9 | 2 | 2| 2| »
2 125 7L 7472 68 | 64 | 68 | 74 | s
170 63 |65 |68 | 72 | 60 | 54 | 82 | 95
Ta6uua 3
Hovep | Asumyr, 3navenue AB/2, u
Bapuanta | rpaaye | 1o | 20 | 40 | 100 | 150 | 200 | 500 | 750
35 382 303 [ 244 | 202 [ 119 | 78 | 53 | 35
80 86| 77 | 68 | 40 | 43 [ 45 [ 49 | 29
3
125 89 ot | 79 | 50 | 49 | 52 | s4 | 31
170 92| 90 | 83 | 53 | 63 | 58 | 57 | 4l
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3 AB/2.
Homep AsumyT, Hasenue oM

Bapuanta | rpaayc | 20 40 100 | 150 | 200 | 500 | 750

35 762 673 454 372 319 | 193 125 102
80 742 703 392 392 299 | 188 | 130 107
125 782 723 444 387 269 | 191 139 112
170 792 733 494 372 249 | 203 145 117

Tabauua 5

Homep Asumyr, 3uauenus AB/2, m

BapHaHTa rpanyc 10 20 40 100 | 150 | 200 | 500 | 750 | 1000

0 153 | 138 | 115 132 | 118 | 105 100 86 72
5 45 151 136 118 137 120 93 99 87 71,5
90 149 | 133 117 | 129 | 123 109 97 89 72,5
135 397 | 354 | 305 | 267 | 236 | 199 98 88 73
Xox pabotsl

1 Ha MunmumetpoBoii Oymare B BEIOpaHHOM MaciuTabe (BIOpaTh caMoOCTOS-
TEIbHO) MOCTPOUTE KPYTOBBIE MOTISAPHBIE THArPAMMBIL.

2 TlpoBecTH MHTEpPNpETalHi0 KPYroBbIX AHArpaMM C y4eToM Mapagokca
AHM30TPONHU H PACCUUTATh KOI(DHIHNEHT 7eKTPHIECKOi aHH30TPONUH.

3 OnpezenHTh rocnoACTBYIOIIEe HANMpaBIeHHe TPEIIHHOBATOCTH H XapakTep
H3MeHeHHe TPEeIHHOBATOCTH C ITyOHHOH.

4 ObopMHTh pe3ynbTaThl B BUAE MOSCHUTENBHOI 3aMUCKU C MPHIOKEHHEM
rpauIecKiX MaTepHanos.

JIaboparopHas pabota 2
«O1ueHKa COCTOSIHMS MACCHBOB FOPHBIX II0POJ 110 JAHHBIM
MHKPOMATHHTHOM CheMKH»

Hesnb padoTbi: npHoOpeTeHHe HABBIKOB 00pabOTKM pe3y/IbTaToB MHUKpOMAr-
HUTHOH CHEMKH.
MartepuaJibl 1 060pyI0BaHHe: MITLTUMETPOBast Oymara, KalabKyIaTop.

3ananue

Ha oxHoM M3 y4acTKOB pacmpocTpaHeHus 3¢bGy3HBHEIX MOPOI MpoBeaeHa




[image: image11.png]NIOWAAHas MUKPOMArHHTHaS ChEMKa Mo ceTn Habmozenmii 2x2 w. Heobxomi-
MO TIPOH3BECTH 0GPaGOTKY 1 HHTEPNPETALHIO IO/IEBBIX AGHHBIX H ONPEACTHTS
HaNpaBICHNE TOCTIOACTBYIOWE]i TpewNHOBATOCTH. [laHKEIC H3Mepernii B HTa
nprBeacHE! B Tabmiue 6 -10.

Ta6nmua 6 Bapmant |

Ne Hovep nukera
mow| 1[2[3JalsJe[7[8]oJwfulofuliulis
1 [13]i4a1] 16168160 155[102[108] 40 [ 84 [110[176{312[300{253
2 [3i70]217[iss 120104150 78 |32 32 |82 [111[283 348558
3 [13]ue1]187[ 87 [s0 [60 [28 [21 [107[242 [166] 10 [200{248(334
4 l1al161]148]49 [32 [72 [ 30 [ 80 [ 97 [454[373 150236233337
s 131149173 [ 76 [148]125[311 (420177250 568500326 320434
6 [10] 45|31 [173[124[123 [526 520223 [185 [336 [608 [ 562 [449 [725
7 [s8] 47149 [256[148[419 563 [s68[322 [327 [268 (352 [404 499 [815
8 [49197 [265]340535[591 610543 543647332441 561 558]770
9 [33]160]151[208[419[541 611565 [653[700[657[710]768[724 691
10 7172212421203 579 [ 604 [ 592 [ 602 [ 658 [ 742 [ 728 | 654 | 660 | 585 | 536
11 [70[201]301 351 [ 648 [660 594|549 [ 658 [745 | 756 719 | 643 | 578 [ 523
12 [21 118112221232 16771733 672 {628 683 [775 766 [ 705 [ 603 [ 408 407
13 [33[314]778 03 [696 [777 [743 [778 [760 [797 [ 745 [662 [ 570 [311[518
14 [43[348] 48 [ 48 [458 (704 (798|839 824 (795|735 ] 600|518 [473 [ 428
15 53321100170 [569 743 [798 [862 [824 772 [ 705 [603 | 535 [435 [428

Ta6mnua 7 Bapuant 2
Ne Homep nuxera

T 2 [ 345 [6 78S w0 BB &]5
2150{23002200]21003300]3400{ 3200 | 3600 4700 | 5200{ 53005400 [ 5600 42005100
2170{24002320{20003100[3200{ 3050 | 3370{ 3900 [ 4620{ 52005100 [5150| 5800 [ 5200
1800 1900 2020|2190 | 3070| 3030 | 3800 | 3640 4200 | 4300 4700 | 4800 | 3300 5400 | 3600
2670|2800 | 2900|2700 | 3400 3600 3500 | 4200 4300 | 4700| 4900 5150|3700 5400 | 3520
3R10|3400{ 3030 | 2270 | 2600 2510|4600 | 4300 | 4820 3130 5030 | 3230 | 5600 | 5700|3300
2600|2740 | 3100|2400 | 3800 | 4800 5200 | 4800 6400 | 7200| 3100 | 6800 | 6700 6800 | 3400
1100 1400 2200|3100 | 4600| 3400 2300 | 2720 | 2600 | 4700 | 4600 | 4200 | 3730 6100 | 3300
1150 1340 1420|1050 | 1400| 1260 1270 | 1340|2500 | 2000| 2100 2240|2300 2400 | 2150
[ %20 | 840 [1000| 740 | 1200 | 1360| 1800 1900|2100 1940| 1720|1800 | 1750] 1670 1400
10 [1030] 910 | 970 | 920 | 640 | 870 | 820 | 970 | 630 | 740 | 1120 1080|1450 1700|1320
11 [ 840 | 930 | 825 | 915 | 940 | 960 | 570 |1260[1210]1315] 1450|1560 1720] 1640|1610
12 [1100] 920 | 980 | 650 | 930 | 970 | 1500 | 1800|2900 | 3700] 3400 3720[4100] 4900 [ 5400
13 [1400[2100[ 990 | 960 | 920 | 990 | 1070|2140 {2920 3640[ 47005200 6400|5600 5300
14 [910 | 915 | 930 | 945 | 910 | 960 | 570 |1200| 1450 | 2700| 3400 3900|4300 5700 [ 3300
15 [ 840 | 920 | 950 | 960 | 970 | 1020[ 1030|1170 1600 | 1900|2700 3540|4900 5700 | 6000

0| | af | ] wlof —




[image: image12.png]Tatnuua 8. Bapuant 3

X Howep npodua
mera| 1 [ 2 [ 3 [ 4]5[6]7[8[9]10
1[040 [1272[1120 417 _[316 [760 |641 [1020 1114 [1440
2 [947 [1340[1215[607 [522 [517 |591 [1177 [1160 1350
3 982 [1490[1340[728 [417 [384 [617 [1125[960 [1115
4 974 [1540[1274[874 [415 [317 [418 [1160 970 [977
5 (951 [1480[1320[915 [516 [217 [365 |720 [640 [872
6 (948 [1490[1290[944 [630 [194 [177 [390 [615 [617
7 |974 [1340[1230 1172 [716 |424 [247 |a17 [574 [477
8 [882 [1201[1210 1115 [774 |777 [310 |420 [470 |507
9 [724 [1150[1314 1117 [841 [854 [450 [450 |506 |584
10 [734 [840 [1018[1126 [905 |87 [690 |740 |505 |695
11 |714 [720 [920 [1217906 [829 [820 [040 [844 [944
12 [510 [710 [905 [917 [616 [s44 [917 [976 [977 [1119
13 [380 [611 [874 [844 744 [874 [1620 1777 16201720
14 [820 [420 [640 [572 [817 [917 [17101840 [1750[1749
15 |974 [582 [280 [544 [964 [975 [1770]1890 [1770[1819
16 [1210[840 [194 [317 [977 [1240[1740[1650 [1810[1870
17 [1380[944 [520 [246 [740 [1119]1640(917 [1917[1860
18 [1420[1210[810_[217 [194 [241 [730 |615 |66 |742
19 [1640 [1472[944 [414 176 [174 [740 [164 [320 [415
2018701520 [1174[712_|216 [230 [152 [134 [192 [376
2119251740 1195841 [840 |77 [164 172 [158 [172
22 [2170 1820 1248 [960 {970 [974 [740 |740 [141 |163
2323401940 [1540 1740 [1850 [1760 [ 1840 [1750 [1630 | 158
2423702240 [1747[1915 [2117 [2190 [2116 [2150 [2117 [1720
2523402560 [2260 2160 [2920 [2870 [2740 [2690 [2740 2340
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N Honep mixera

opb| 1 |2 (3| 4afs |67 |8 [ oo [ |2]13] 1415

479 [537 [572 J649 [677 [735 | 797 [891 [1004] 1140 [ 860 | 982 | 939 [ 892 | 768

452 [469 [s01 [s55 08 [661 | 755 [852 [ 977 [ 982 [ 947 | 1061 [ 977 | 813 | 741

431 [452 Ja68 [575 [617 [664 | 705 [751 | 836 | 1082 [1027] 1102 [ 1064 [ 982 | 787

409 [ 464 [502 [591 [646 [711 | 785 [868 | 763 [ 997 [ 971 1071 ] 931 [ 767 | 689

382 | 418|464 [498 [598 695 [ 803 |862 [ 857 | 970 [ 968 | 772 | 981 | s0s | 728

368 | 377427 [479 Je11 729 [ 841 [903 [ 877 | 917 [1091] 777 [ 1102 875 | 796

359|369 [437 [522 J626 718 [ 822 | 883 [ 799 | 837 | 897 [ 1079 | 831 | 988 | 759

o afofu|s|w|o]-

357|367 449 |517 |615 |727 [ 792 [815 | 841 | 869 | 927 | 1095 | 827 | 833 | 1071

9 352 |362[427 |502 |598 |692 | 734 |777 | 791 | 877 | 841 | 907 | 1077 | 768 | 787

10 (348 | 357 406|477 |582 |671 | 671 |667 | 687 | 647 | 674 | 761 | 768 | 827 | 727

11 [344 | 351 [372 457 |e6s [687 [ 667 | 638 [ 591 | 598 | 639 | 666 | 762 | 991 | 829

12 [337 | 341366 [451 [633 [707 [ 661 |624 [ 577 | 527 | 598 [ 636 | 705 | 831 [1048

13 [335 | 337351 [427 [559 [677 [ 597 | 647 [ 507 | 477 | 523 [ 641 | 677 | 787 [ 882

14 [318 [ 329347 [418 |498 [651 [ 653 [602 [ 547 | 487 [ 502 [ 575 | 632 | 762 | 892

15 [312 [ 320336 [401 |472 [598 | 629 [ 562 | 579 | 502 | 495 [ 549 | 587 | e61 [ 901

Tagmua 10 Bapran 5

Ne Howep mikera
mpog] 1 [ 2 [3[a]s]e]7[s]ofw|ufnr]in]lials

402 [ 460 [ 495 [ 572 [ 600 | 658 [ 720 | 814 [ 927 [1063] 783 | 905 | 862 | 815 | 691

375 392 | 424 | 478 [ 531 [ 584 | 678 | 775 [ 900 [905 [ 870 [ 984 [ 900 [ 736 [ 664

354|375 | 391 | 498 | 540 [ 587 | 628 | 674 | 759 [1005] 950 [1025] 987 [ 905 [ 710

332|387 | 425 | 514 [ 569 [ 634 | 708 | 791 | 686 | 920 | 894 | 994 | 854 [ 690 [ 612

291 [ 300 [ 350 [ 402 | 534 | 652 [ 764 [ 826 [ 200 | 840 [1014] 700 [1025] 798 | 719

282 [ 292 [ 360 [ 445 | 549 | 641 [ 745 [ 806 [ 722 | 760 | 820 [1002] 754 [ 911 | 682

1
2
3
7
5 [ 305 [ 341 | 387 [ 421 | 521 | 618 | 726 | 785 | 780 | 893 [ 891 | 695 | 904 | 731 | 651
6
7
8

280 [ 290 [ 372 [ 440 | 538 | 650 [ 715 [ 738 [ 764 | 792 | 850 [1018] 750 | 756 | 994

9 | 275|285 | 350 [ 425 [ 521 615 [ 657 [ 700 [ 714 | 800 | 764 | 830 [1000] 691 | 710

10 [ 271|280 [ 329 [ 400 | 505 | 594 | 594 [ 590 | 610 | 570 | 597 | 684 | 691 | 750 | 650

11 [ 267 [ 274 | 295 | 380 [ 591 [ 610 | 590 | 561 [ 514 [ 521 [ 562 [ 589 | 685 [ 914 [ 752

12 [ 260 | 264 | 289 [ 374 [ 556 [ 630 | 584 [ 547 [ 500 [ 450 [ 521 | 559 | 628 [ 754 [ 971

13 [ 258 [ 260 | 274 | 350 [ 482 [ 600 | 520 | 570 [ 430 [ 400 [ 446 | 564 | 600 | 710 [ 805

14 [ 241|252 | 270 | 341 [ 421 [ 574 | 576 | 525 [ 470 [ 410 [ 425 [ 498 | 555 | 685 | 815

15 [ 235 [243 [ 259 [ 324 | 395 | 521 | 552 | 485 | 502 | 425 | 418 | 472 [ 510 | 584 | 824




[image: image14.png]Xoz padorst

I Mo MaHHBIM MHKPOMArHHTHON CBEMKH Ha MUILTHMETPOBOi Gymare mo-
CTPOHTB KapTy W30IMHAM.

2 BLINOTHHTE 06paBOTKY NMOMYHeHHOI KapThl METOIOM YI/IOBOH CTATHCTH-
KL

3 Ha MuanMeTposoii Gymare B BHIGPaHHOM MaciITabe (MacliTab BHGpATH
CaMOCTOATENbHO) OCTPOHTL PO3Y HAMPaBIEHHOCTH H30TMHAM.

4 TpoaHaTu3MpOBaTh NMOTYUEHHYI0 KApTy H PO3y HAMPAaBIEHHOCTH 301U~
HaM § CIIe/aTh BEIBOLI 00 0COGEHHOCTAX re00rHYecKOro CTPOGHHS Y4acTka.

5 OGOPMITS pesyTLTaTs B BHe MOACHITETHOM 3AMNCKH C MPHTOKEHHEN
padUUEcKIX MaTepHATOB.



[image: image15.png]Tewa 2 Pact1eHEHHE FOPHIOHTATLHO-CIONCTBIX CPeX

1 MeTozel, npuMeHseMbIe JU1A PacuIeHEHNs TOPH30HTATbHO-CIOUCTBIX
cpex.

2 TpuHLIME! KOMHYeCTBeHHO HHTEpNpeTaIN KpuBsIX B3 1 nocTpoerie
Te03MeKTPHYECKOro paspesa.

3 MeTozaa npenoMIeHHbIX BOIH, METOAHKA MOEBbIX CeliCMITHeCKiX Habmo-
JeHMit.

4 WuTepnperauis roorpadhoB NpeloMIeHHbIX BOH 1 IOCTPOGHHE CeiicMO-
re00rnyecKoro paspesa.

‘OCHOBHbIE MOHATHS 110 Te

Jlns pacuneHeHHs TOPH3OHTAlIbHO-CIOHCTBIX Cpel NMPHMEHAITCH MEeTOIbl
37eKTpopa3BeaKH U ceficMopassenkn. M3 BceX METOIOB 3MeKTPOPa3BENKH Ha-
Golee HACTO MCMOTEIYIOTCH BEPTHKATHHBIE 3IEKTPUYECKHE 3OHIMPOBAHMA
(BD3), KoTopble MO3BOMAIOT PACUIEHATS TOPHIOHTANEHO HIH MOTIOTO 3aTerak-
IIIMe CTION reoMoriecKoro paspesa (C yriom nafenus meHbwe 15°). B pesyns-
TaTe nposeeHns paboT metonom B33 nonyuarot noneseie kpuesie B33.

Beigenenne TUTONOTHYECKUX TPAHUL CEHCMUYECKUMH METOJaMH I0BOTBHO
cnowHan 3a7aua. OcoBeHHO 3TO KacaeTcs TOMMI PHIXTLIX TOPOT, TaK KaK Tam
HABMIOTAIOTCA C7aG0 MPETOMIAIOUINE TPAHHLE], HASHTHOUIMPOBATs KOTOLIE
BO MHOTHX CIy4asX JOBOMbHO TpyaHo. CeficMuueckue MeTOXBI walle BCEro
TIPHMEHSIOT U5 KPOBITH CKATbHBIX MOPOJ 1 H3YHEHHS 30HEI BIBETPHBAHNA, KO-
TOpbie B CEiiCMIHECKOM OTHOLIGHHH SBIAIOTCS XOPOLIMMH NPEIOMISIOUIMI
IpaHmIaMT 1 HaHBOTeE MACTO BCTPEMAMOWINMACA Ha NpaKTHKe. Ha Takux rpa-
HHIAX MPONCXOMNT CKAayKOOBpasHoe BO3PACTaHHE CKOPOCTH PACMpOCTPaHEeHHs
TIPOZIOTIBHBIX BOMH U MO3TOMY CeiicMOpa3BelKy METOIOM MPETOMIEHHBIX BOTH
MOKHO ¢ GOMBIINM YCTIEXOM MPHMEHATS MPH MHAKEHEPHO-Te0TOrHYECKUX 1
TUAPOreoNIoriueckiX HCCIeI0BaHMsX.

Ustepnipetauns HabmionenHoii kpusoii B33 p=f(4B/2) ceomutcs K onpe-
HeleHiio WHCTa CTI0eB B pa3pese, HX COMPOTHBISHMII W MOUHOCTel. AHami3
KpuBbix BD3 HaunHaeTcs ¢ KauecTBeHHol nHTepnpetauis. [Ipi 3TOM B nepayio
Ouepenb BLIBAAETCA MMCIO MEKTPUYECKHX FOPH3OHTOB Ha KaxIoii KpHBOi
B33 1 OUEHHBAETCA COOTHOMIEHNE CONPOTHBIEHHIH THX TOPH3OHTOB

KonnuecTBeHHas MHTEpNpETaliis KpHBOH 30HANPOBAHNS 3AKTIONACTCH B
ONpeeTeH N (WTH OLIEHKE) TAPAMETPOB PASPEIA D1, 23, Pivees P h1, hs oo hs.
CYIECTBYIOT HECKOTBKO CMOCOGOB KOTHYECTBEHHOI HHTEPNPETALIHH, B OCHOBE
KOTOPBIX JIeXIT COBMelleHIe HabTioMe ol KpuBoii ¢ TeopeTiueckoii. Takie
METO/IbI Ha3bIBAKOTCA MeToxaMi noadopa (¢ momoursi IBM, ¢ MoMOMIB0 ab-
BOMOB ManeToK, C MOMOLLBH ABYXCIOHHOII MaleTKH U BCIOMOTraTelbHBIX Mane-
ToK).




[image: image16.png]TManeTouHbIit CNOCOB OCHOBAH Ha COMOCTABIEHMH NONEBLIX KpuBOii B3 ¢
HaBopOM TeopeTHuecKHX KpuBbIX B3 U MepeHOCOM NapaMeTpoB coBnapleii
TeopeTiueckoiil KpHBOil Ha MHTEpNpeTHpYeMyK MoneByw. TeopeTuueckie
KpHBBIE Ul ABYXCIOHHBEIX Pa3pe30B C Pa3MiYHBIM COOTHOLIEHHEM Py/p; pac-
CUMTaHBl M TIOCTPOEHBI HA OJHOM HepTeKe B BUIE ABYXCIOHHON ManeTku py
(puc. 4). Ha kaoii KpHBOIi NA7eTKH yKa3aHO COOTHOWIEHHE P,/p;. Bemuunsl
hiw p; NpuHATH 32 eanHuLy. Touka nepecedenns h; U pi Ha3bIBAETCS KPECTOM
nanetkn. Habmoaentyio kpusyio B33 MepeuepuiBaioT Ha KaThKy i HAHOCAT
ocu koopanHaT 4B/2 u p,. 3aTeM KpuByro B33 HaknalblBalOT Ha ABYXCIOIMHYHO
MaTeTKy ¥ MepEMeIaioT Tak, YToBbl OCH KPHBOi H MATETKH GbITH NapatieTs-
HBI, 10 HAWIYHLIEro COBMaZeHHs C Kakoii-mibo maneTouHoii kpusoii. [octe
3TOrO COBMEINEHNA C NATETKAMH HA NPO3PAUHYI0 GyMAry HAHOCAT KPECT MateT-
Ki (nepecedenue MuHMI A U p,) U 3AMNCHLIBAIT MHAEKC NATETOMHON KPHBOIL.
Kanbky ¢ kpuBoii B3 CHOBa MepeHOCAT Ha GHIOrapHpMIdecKuii GTaHK 1 Mo
AWHIH f; OMPEAeTAIOT TIYOHHY 3aTEraHNA TPAHNLEI Pasiena cl0es, NoTb3yACh

@ T p O
Lt 1000
hf
100
) 50

o

Pucynok 4 Tlpunep HHTepnpeTawun 18yXenoiHOH Kpusoli BI3:
- TeopeTnueckas naneTxa; G - nonesas kpusas B33

ockto AB/2 Bnanka. Tlo ocu p, GepyT 3xauenite p;. C MATETKH CHUMAIOT 3Have-
HHe py/p; (B KpyKKe). 3Has BETUUHHY 0o/ U P, MOKHO BBIMHCIHTE CONPOTHB-
fenue BTOPOro c10s. C MOMOMIGIO CHEUHATBHBIX TPEXCTOMHBIX MATETOK Bbi-
MOTHAIOT KOTHUECTBEHHYIO HHTEPNIPETALIIO MHOTOCTOHBIX KpHBbIX BD3.

B pesyisTate KOTHueCTBeHHO! WHTEpNpeTaunn Kpusx B3 B kamaom
TyHKTe, rae GbUTO BBIMOIHEHO 30HANPOBAHHE, MOMYHAT MOUIHOCTb H COMPO-
THBIIEHHE Kak10r0 crost. Mmest Heckonbko Touek B3 mo HiM MOKHO mocTpo-
HTb reoaneKTpieckuii paspes.

TMoCTpoEHNE Fe03MEeKTPHYECKOro paspe3a SBIAETCA 3AKTHOUMTENLHBIM 3Ta-
oM nHTepnpeTaui. MaTepHatamil 1% IOCTPOgHHA Paspe3os CIyaT OMica-
HIA [@OOro-reo(H3NYECKoli CHTYaLNN i Pe3yIbTaThl KOMHUECTBEHHOI HHTEp-
npetaty kpussix B33,



[image: image17.png]B OmuCaHNUH yKa3bIBAIOTCA XapaKTep pebedha 1 oprenTatma npodiaa B3,
paccTosHNA Mexay Toukami B3 U reolormeckie JaHHke o paspese. [eomo-
THYeCKHe JaHHble Nal0T MPEACTABNEHHE O TEKTOHMYECKHX OCOOEHHOCTAX
CTpOeHNS pa3pe3a (HATHUIH Pa3PbIBHBIX IIH CKIATHATHIX CTPYKTYP, HaNpasie-
HMM MaleHHs N7acTOB M T. M.), O THIPOTEONOTHYECKHX H HHKEHEPHO-
Fe07IOrMYECKHX 0COBEHHOCTAX pa3pe3a (HATHUMI OMOT3Heil, KAPCTOBLIX MPOSB-
TeHuii, CTIe/10B BEIBETPUBAHIS, O MIONOKEHNH YPOBHS [PYHTOBBIX BOX, HATHYHH
TIOBEPXHOCTHBIX BOAOTOKOB), O XapaKTepe YeTBEPTHYHBIX OTIOKEHHUIL.

WHoraa npuBOASTCS AaHHEIE GYPeHHs U KapoTaka: TUTONOTHYECKas Xapak-
TEPHUCTHKA Pa3pe3a, MOLIHOCTH U COMPOTHBIEHUS CIIOEB, MEPECEYSHHBIX CKBA-
suHoit, CooBIIAETCA Take 00 WIMEHEHNH MEKTPHYECKHX CBOMICTB MOPOT M0
npoctipasmio. TIpH OTCYTCTBHH CBeeHHii 00 H3MEHEHHH SIEKTPHUECKIX
CBOFICTB MOPOL, YHTEIBAROTCA OBIIINE COOBPAKEHIA O COMPOTHBIEHHH MOPOT I
X BOSMOKHBIX H3MeHeHHAX. J1715 I0CTPOEHNS Fe03IeKTPHUECKOTO Paspesa CHa-
4ana BLIGHPAIOTCS TOPUIOHTATLHAI M BEPTHKATLHAI MACLITAGH, MPHYeM Ta-
KiM 06Pa3oM, UTOBB! MONYHHTh HATISTHbII, YHTaCMbIii Te0dTeKTpHUeCKHil pas-

s B« [ @ Js
@ |8 [@=)s
Pucysok 5 TIpHvEp IOCTPOGHHS T€03IEKTPHUECKOTO Pa3pe3a Mo PesyIbTATAN [pynoBoli
MHTepNpeTaLIH KpitBhIX B33,

1 - IECUBHO-TIHHCTHIE OTIOKEHIA; 2 - TIMHSL 3 - NECKI; 4 - H3BECTARKI; 5 - GypOBaS CKoaRMNE
6 - TEKTORMMECKOE HAPYILIEHHE; T- TIPETEITsl BOSMOKHOTO NOTIOKEHHS NOIOLIBS CIOS 110 Akt BIY;
& - YIETEHOE MEKTPHIECKOE CONPOTHBIEKHE; 9 - IPETETst BOIMOKHSIX HIMEHEHHH YIEToHEIX
MexTpeCKHX conpoTHATERHI €104 10 TaHKbN B3

pes. Tlocte 3TOTO B BHIGPAHHOM BePTHKATLHOM MaCITaGe BIOTS MPODUIA Ha-
HOCHTCA MuHNA penbecba, 2 Ha NPOhHTL HAHOCATCA U MOAMHCHBAIOTCA HOMepA
Tosek BI3. OtMeuaetcs nonokerie NPodILIA 0 OTHOLIEHHHO K CTPAHAM CBe-
Ta, YKa3bIBAIOTCA MECTOMONOKEHUE Il TAHHBIE GYPOBBIX CKBAKIH, TOPHBIX Bbi-
paboTOK 1 T. I.

IMox ka0l Toukoii B33 B BLIGPAHHOM MacIITAGe OTKIATLIBAIOT MOLIHO-
CTH CTIOEB WITH MHTEPBATB! HX H3MEHEHNS, A BHYTPH CT0€B BHIMICHIBAIOT 3HAYE-



[image: image18.png]HIA p I HHTEpBATb! €ro navenerns (puc. 5). Ha paspes cooTBeTcTayomimi
VCTOBHBIMH 0GO3HAUEHHAMH HAHOCATCA THTONOTMYECKUe IaHHble (ECTH 3TO
BO3MOKHO). ['paduyecku MIN TEKCTOBBIM MPHMEYaHHEM IOIKHbI OBITh AaHbI
OTBETHI HA BCE BOMPOCHI, MOCTABEHHbIE MePel TeOMHIMIECKNMH HCCTET08a-
uuamu. Ecnu, Hanpumep, cTaBuach 3agaya OMpEIeNeHHs YPOBHA TPYHTOBBIX
BOI, TO 3Ta IPaHHLA TOKHA ObITh BBIIETEHA OCOOBIM 3HAKOM H JaHa B YCIIOB-
HbIX 0603HaueHnsAX. Ecn cTaBniack 3aava yCTaHOBIEHHS aMILTHTY bl cOpoca,
TO JOMKHO ObITh yKa3aHO, KAKOBA aMILINTYa CMELLEHIs, i KaKoii 00K sSBIseT-
Cfl OTHOCHTE/IBHO MPHIIOAHATHIM MM OMYIEHHBIM.

CeiicMudeckie MCCIeI0BaHNA METONOM MPETOMIEHHBIX BOMH BBIMOTHART
BIOME NPOGHIS, Ha KOTOPOM PacroarakTcs HCTOYHHK KoneGaHuii u celicmo-
MpHeMHIKH. PErHCTPHPYIOT BpeMeHa NpHXO0Ja BOMHbI £ OT HCTOUHHKA K Ka-
oMy ceficMONPHEMHHKY. 3aTeM CTPOAT rpaHk 3aBHCHMOCTH BPEMEHH MPHXO-
12 BOTHBI 7 OT PAcCTOSHNA CeiicMOMPUEMHHKOB 10 MyHKTA B3pbiBa X. Takoit
rpacuk HasbIEaeTCH rogorpadoM.

Jlns niockoii npestoM7siOweli ANl roTorpad MPETOMICHHOI BOTHEI
NpeiCTaBISET MPAMYEO MMHUIO, OTCTOALLYIO OT Hauana KOOPAMHAT Ha HEKOTO-
PO PaccTosHIe i HAKTOHEHHYIO K OCH X N0 HEKOTOpbIM yriiom (Puc. 6). Ypas-
HeHre roforpada umeer BUI

1
t = —[xsin(i £ ) + 2hcosi]
v

Tae i - Yro NOMHOTO BHYTPEHHETO OTPAKEHHS; @ - YTOJ HAKIOHA MPETOMIA0-
Imeff rpaHMIGL B BLIPAKEHHH 3HAK MUHYC CTABHTCA 1% TOeK Mpoduid, pac-
O7I0EHHBIX OT MyHKTa B3PbIBA 110 BOCCTAHMIO OTPAAAIOLLE] TPAHHIIB, U 3HAK
TTHOC - 2715 TOUEK 110 MaleHMIo ee.

v

Pucyrok 6 Tonorpad ronosHoli 8okt 8 eryuae nocko
rpas
Ecan npenomasiolas rpaHuUa KpHBOTHHEIiHa, To roxorpadsl MpetoMIeH-
HBIX BOTH TakiKe GIyT HMEIOT KpUBOTMHeiinyio dopmy. CleIoBaTensHo, Mo
opme rogorpada NMpenoOMIEHHBIX BOIH MOKHO CYAHTb O KPUBOTHHEHOCTH
npenoMAsioweli paHHLsL.



[image: image19.png]B uiKeHePHOI Te0TI0rHI i THAPOreOiorHi HCCIEYOTCs HeGobiiie Ty~
BuHbI (MepBble IeCATKH METPOB) [Ie MOTYT HaXOIUTCH HECKOTBKO CHIBHO Mpe-
nomnsomMX rpasul. [103ToMy npu HCClEIOBaHMAX MPHMEHSIOT METOIMKY
MIIB npu K0Topoii PerncTpUpYIOT TOBKO MepBHIE BCTYIIEHNS BOH, T.e. Ha-
BIH0NAK0T KaKIYI0 MPHXOIALIEIO K 3eMHOIl OBEPXHOCTH BOIHY TONBKO B 30HE
e MepBbIX BCTyMIeHMii.

BLicTpas MHTepNpeTauns roTorpadoB MPETOMTEHHBIX BOTH BOSMOKHA
NN TOrZa, KOria MMEKTes 1Ba roforpada, B 4aCTHOCTH, [Ba BCTPEYHBIX rO-
norpaa, OTHOCAIIMECS K OJHOMY Y4acTKy MpeloMIAIOIeH TPaHHMIIbl, MOTy-
eHHble PN BO3BY/KIEHMH 110 0BENM CTOPOHAM OT 3Toro yuacTka (puc. 7). llpu
B030y:kaeHNH B MyHKTe (); MPeNoMIeHHas BOTHA MPOCIEKNBACTCS HAa OTpe3Ke
C,0; npodmas u nonysaetcs rozorpad 7. [pn Bosdyxaesm B mynxte 02
NpeoMIeHHan BOHa HabI0TaeTCA Ha oTpeske C;0; W NOMYYaeTCA BCTPedHBIi
rogorpad /.

EcAit 30HBI NPOCTEANBAHNA COOTBETCTBEHHO paBHbl D; i Ds, To mpetoM-
nsoman rpasiua OymeT HadexHO BelleneHa Ha nHTepane G,Gs. B mepreoit
30HE MPETOMICHHBIX BOMH, OyJeT MpoCTeKHBAaTbCA MpAMas BOJTHA, Pacmpo-
CTPaHAOWAACA BIOTb 38MHOIl MOBEPXHOCTH BO BCE CTOPOHBI OT HCTOYHHKA CO
CKOpOCTBIO V7. [omorpath mpsAMoit BOHEI OMHUCEIBACTCS YPaBHEHHEM I = = X/v it
npeacTaBnseT coGoil MPAMYH THHHK HCXOALICK W3 Hauala KOOpauHar. [lo

PreyHOK 7 CHCTeMa BCTPEuHSIX TO10Tpad0s MPETONTEHKEIX B0TH

HAKTOHY roorpaca MPAMOIi BOTHEI MOKHO OMPETETHTh CKOPOCTh vy, BeTpeu-
Hble roorpacel [ 11 s yB3aHE! BO B3aHMHBIX TouKaX O 1 O B KOTOPBIX BpE-
MeHa MPHX01a MIPETIOMICHHBIX BOTIH OT HCTOUHHKA PaBHBI.

Jins MHTEpnpeTaluu BCTPEYHBIX rOXOrpad)oB MPUMEHAIT ABA CHOCOD:
€110C0B 7, 1 CIOCOG Pa3sHOCTHOTO rozorpatha. T I8a CHOCOGA MPUMEHSIOTCA B
Tex Cyuanx, KOIJa paanyc KPHBH3HbI MPETOMIAIONIEI [PAHHLb! JHAUMTENLHO
0B FTy6UHb! ATErAHNA, & CKOPOCTH BHILE H HITKE NPETOMIAOLEH Tpa-




[image: image20.png]HHIIbI MA/O H3MEHAIOTCA.

Cnoco6 paznocmuozo 20002pagha TpeHa3HAueH IS ONPEIeTeHHs CKOpO-
CTH PAcTIPOCTpaHEHNS BOTHEI BIOTH MPENOMISIONIEl FPaHHIEL Ty CKOPOCTS
Ha3bIBAIOT FPAHMUHOI CKOPOCTBIO V.

VpasHenite PasHOCTHOTO ro0rPada MOKHO 3aMHCATh B CEAyIOUIEM
BHIe:

O(x) =ty —ty, +T

e 7,, ¥ Ty, - BpeMs NPHXOTA BOTHE! B TOUKY X, CHATOE C MEpBOro rozorpada /7

GFV/ 06

—— =
< Js'

Prcysox § Onpezenesie v, CTIoCOG0M PASHOCTHOTO ToT0rpatha H IOCTPOSHHE MpETONAiOLLEH Tpasit-
Lt cn0cooM

1 BTOpOrO (BCTpeunoro) roxorpada s T - BpeMs BO BIaHMHBIX TOUKAX, T.
e. BpeMs npHxoza BonHE M3 O B O; i HAOGOPOT; BpeMs T OMHAKOBO i N0~
CTOSIHHO JUI OHOTO § TOTe JKe HHTepBana HabnwxeHns. 3uauenns 6(x), pac-
CcuMTaHHblE 1NIs BCEX TO4eK HabnroaeHns B untepsane O; O, HAHOCHT Ha Tpa-
UK U noTyualoT pasHoCTHEI rotorpad #(x). [lo pasHOCTHOMY roforpady
U5l TOPHIOHTATBHBIX i CTTaGOHAKTOHBIX rpariLl (10159 MOKHO OnpeneniTs
TPaHUUHYIO CKOPOCTh
2Ax
AG

Cnocof 15 WCnOMb3yeTcst st MOCTPOEHHS MPETOMIAIOMINX TPAHHL, KOTAa
OKPHIBAIOLIAS TOIA XAPAKTEPH3YETCS MOCTOSHHON CPelHeli CKOPOCTBIO Vi,
KOTOPYIO MOYKHO ONIPEETHTH N0 Toorpady MpAMoii BoTHEL Criocod ocHOBaH
Ha MONIOKeHUH, YTO 7% BCAKOii Touky x (Puc. 8) M0 ABYM BCTPEMHBIM ro-
orpatam MOKHO ONPEIeTHTs BpeMst

0 =Ty +in T,

PpaBHOE BpeMeHU NPUEMa BOTHLI B ITYHKTE BO30YKIEHNS, ECIM 3TOT NMYHKT Me-
penecTn B TouKy x. Toraa ry6uHa 7 10 npenomIsioleli rpaHnIlbl Onpesenser-

v

2
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Taxim 00pa3oM, N0 H3BECTHBIM 3HAYEHNUAM [, A7Is KaKA0ii TOUKH HaOmwoxe-
HUS X MOKeM OMpeleluTh BeTHYHHY /i (3X0-rmyOuHY), ecu yKe H3BeCTHBI
Vep 1 v,. TIpOBEAs U3 Touek X Tyri padycamu i 1 COeIMHUB UX ormbaroueit
KPHBOIi, MOTYUNM HCKOMYIO MPEIOMIISIONIYIO TPaHILly, T.¢. CTPOHM CeficMO-
reonoruueckiii paspes. Ha Hero HaHOCATCS CelicMiueckue rpaHHLbl, 3Hate-
HISA CKOPOCTeli PACTIPOCTPAHEHNs YIPYTHX BOTH 1% BCEX CTIOEB H YHACTKOB
NpothiIA, JaeTCA reoNOruteckoe i TAPOreoIOrNUecKoe 0GOCHOBARME rpa-
UL 1 CKOPOCTEii.

Bonpoch! U1 CaMOKOHTPOS

1 B uew cymHocTs MeToa BI3?

2 Yo TaKoe reodTeKTpHYECKHii paspes i MPHHIHMEI ero MocTpoeHNs?

3 OxapaxTepisyiiTe 0COBEHHOCTH HHTEPMPETALIH COBOKYMHOCTH KPHBBIX
B33?

4 TlepeunciTe OCHOBHBIE STAMbI KOTHUECTBEHHOI UHTEPIPETALIH KPUBBIX
B33?

5 CihopMyaupyiiTe 3aK0H OTPAKEHHA I TPETOMIEHNS?

6 UTo Takoe MOTHOE BHYTpeHHee OTPAKEHHE U YeMy PaBHA BETHUHHA KpH-
THdecKoro yraa?

7 Kax 06pa3zyeTcs rooBHas BOMHa, 1 MOJ KaKHM YITIOM K NIperoMsioweii
TpaHULE OHA BEIXOTHT?

8 B 4eM 3aKTIONAETCA CYIHOCTS CTIOCOBA MEPBHIX BCTYTIIEHHiH?

9 Uro Takoe pasHOCTHBII TOTOrPad 1 KaK M0 HEMY ONpeIETHTh FPAHIIHYI0
cKopocTs?

10 UTo Takoe IMHHA 7, M KAk N0 Heil OMpEeNHTs MIy6HHY 0 NPeToMIso-
et rpame?

JlaBopatopHas pasora |
«PactIeHEHNE FOPUIOHTATLHO-CIONCTHIX CPen MeToToM BI3»

Lleab paBoThI: NOTyYeHHe NPAKTHYECKHX HABBIKOB PACYIEHEHNS Fe0OrH-
YECKOTO Pa3pe3a MeTOI0M BEpPTHKATBHBIX 3NEKTPHYECKHX 30HIUPOBAHHIL.

MaTepuaae! i 0G0pYI0BaHNE: GHIOrAPHAMIECKNTi BNAHK, KaTbka, MATeT-
Kil, MILTIMETPOBas GyMara, KalbKyIATOp.

21
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Bapuaut 1. Jl1% n3yueHus I0TMHbI peKn NpH HCCIEI0BAHMAX MOA -
POTEXHIMECKOE CTPOMTETECTEO BHIMOTHEHO LecTh Todek B3, pacronoen-
HBIX M0 NPOGUIT0, MEPNeHANKYIIPHOMY K JOTHHE PeKi. AGCOMOTHbIE OT-
METKH, PaccTOSHUS MeKIy TOUKAMH M Pe3ylbTaThl 3aMepOB MPUBEAEHE B
Tabmmue 11.

Jlessiii cknon zomumsl (BI3-113) croxen meckami, npassiii CKIoH
(BD3-5, 6) - usBecTHAKami, BD3-4 BRINOTHEHO HA raledyHNKaX B pycre pe-
K11, YpoBeHb rpyHTOBHIX BOX y BD3-6 pacrionowken Ha rTy6uHe 0k010 5 M,
a Ha IHe TONHHBI - Ha rayGuHe 1M,

13BeCTHO, UTO OTIOKEHNS Mepeyr1y6lIeHHol 10MMHEI B BepXHeii uacTn
MpenCcTaBleHbl Meckamu, a Hibke - rauHamn. CKBaknHa, npoOypeHHas
BOaman B3-3, npoiias Uepes Mecki, BCTPETHAA Ha LIyOHHE 5 M [IHHEL 2 Ha
ray6use 10,5 M - n3BecTHsKH.

TlocTpouTS reoaneKTpuYeckuii paspes 1 ONpeeHTh FIyGHHY 3aneraHius
KOPEHHBIX TIOPOI, a Takke FYOHHY 3a7TETaHNA 3EPKATA TPYHTOBHIX BOT.

Ta6mnua 11

Tk Siaseninn AB/Z
o5 B
2|5 =2
S
Z12EEg 05| 1] 1s|22] 3| 4 ss| 75| 10|15 | 20|30 5070100
HER]
e
1204 o[ ss |33 [0 ]2a 2] fasfis|is| 2 as] [es] e
2| 197 80| 100|100 | 95 | 85 |68 | 50 | 30 | 12 |43 |20 |21 28| 5| 7] 10
3| 196 [140| 90 | 60 42 | 34 |27 [24 |20 |15 | 11| 5 |44 |3 |85]12] 17
4 {195,5(200( 150 | 115 105 | 98 | 85 | 70 | 52 [ 36 | 26 | 22| 27 |33
5| 201|230 1500{1500{1500| 1500 1500|1500 | 1300 | 1300| 1200{ 1900| 900 | #0 |s00|800| 800
6] 207|360 1500|1500} 1500] 1500 1500 1500 1500 1400|1300 1150] 1050|300 40/ 820] 800

BapuanT 2. Ha paBHHHHOi MeCTHOCTH BHITONHEHb! 30HIHPOBAHNS Me-
Tozom BO3 ¢ marom no npodiio, pasreiv 200 v. Hanpasaerne npodmas
wnpoTHoe, BI3-1 - Ha 3anatHom kouue mpoduis, BI3-8 - Ha BocTOuHOM.
TeppuUTOpHA MOKPBITA HEOTHOPOIHBIMU MECYAHO-TTHHUCTBHIMU OTIOKEHUAMH,
MeCTaM, Hampumep, B Toukax BI3-1 1 B33-7, BLIXOAAT Ha MOBEPXHOCTH
MBI, COTMACHO 3aeraioliue HA MOMIHO TOTWIE H3BECTHAKOB. JlaHHble
277 nocTpoeHns KpuBsX B33 npuseaens B Tabmmie 12.

TpuHUMAT BO BHUMAHWE, U4TO COMPOTHBICHHA FHH 1 H3BECTHAKOB B Mpe-
Zeax MpOGHIA He MIMEHFIOTCA, MPOWHTEpMpeTHPOBaTh Kpussie BI3 u mo-
CTPOHTB reo37eKTpHECKHii paspes.
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[image: image23.png]Tabuua 12

= Bnasenns AB/2,

152 [3{4]5[75[10|15]|20]| 30|40 |50 |75]|100]150|200 300 400
T[10[10[10[10[10] 10 [ 10 [103]10,6] 12 [ 14 [ 17 |25 [ 30 | 42 | 58
2036 |31 {22]18|15(12,5] 12 [11,5| 12 [135] 16 | 18 | 25 | 32 | 44 | 58
3(35]35(35(34(32{ 28 | 23 |17 | 14 [115 12 [ 13 | 16 |20 | 29 | 36
4130]30(30]30(29( 26 | 23 | 18 | 15 [11,5] 11 | 12 {155 20 | 29 | 36 | 50
5030|30(30]30(30{ 30 | 30|27 | 25| 19 | 16 {14,516 | 20 | 29 | 36 | 50
6120]20(20|20(20{ 20 | 20 | 19 | 18 | 16 | 15 15,5 18 | 22 [ 30 | 39 | 50 | 65
7010 10{10|10(10{ 10 | 10| 10 | 10 [102] 11 {11,5{ 15 | 18 [ 25 | 32 | 46 | 65
8120]20(20]20/20] 18 [ 17 [15.5] 15| 15 [ 18 [22 [ 31|39 |52 ] 6485100

Bapuant 3. B1one pa3senouHoil THHIN BBIMOTHEHO WiecTh Touek B3 ¢
pacctosnem Meskay Humu 500 m. Touka B33-1 pacronoxkeHa Ha rro-
3amazHOM Kowie mpodman, B3-2 - 0KOTO CKBAKMHBL, Pa3pe3 KOTOPOii cle-
Ayiowmii: CBEpXy NEKHT MecuaHO-raleuHnkoBas TOMa MOWHOCTs 10 M,
HITKe - MIOTHBIE CYTTMHKN MOWHOCTBI0 1,0 M, MOX CYTTMHKAMM 3aneraror
FMHEL MOIIHOCTBI0 40 M, KOTOpbIE OACTHIAIOTCS MIOTHBIMH MECYaHHKAMM.
TpebyeTca MOCTPONTH reodneKTpiuecknii paspes. JaHHble 115 NOCTPOEHUS
kpBsix BD3 npusenen: b Tabmmme 13.

Ta6nuua 13

a8 nasenie AB/2, 1t

H s |7 1015 |20]30]40 50|70 100|150 | 200
1 20 [20 |21 ] 25 [28[33] 33 |31 [20] 31 |22 | s
2 24 24|26 | 30 |33 |36] 32|30 |2] 35| 48 | 60
3 25 |25 | 25| 25 [24[23] 20 |20 (23| 28 | 40

4 2 |26 |26 | 24 [22|21] 24|30 |38 56 | %0

5 20 [20 |20 99 18 |18] 19|20 [23) 7 | %0

6 S0 | 50|50 |50 |48|42|36|%2|28] 32| 4

BapranT 4. Ha 02HOM H3 Y9aCTKOB OMOT3HEBOTO CKIOHOB BINOTHEHB! 6 TO-
wex BI3. HeoBX0anMO MPOHHTCpNpETHPOBaTS KpiBsie B3, MOCTpONTS reo-
3MeKTpHHCCKNii Pa3pe3 i OMPEACTHTH MOWIKOCTS OMOA3HeBOro Ten. [lonessie
anmbic Tabnue 14. PaccToskme Mexay Touxamn B33 50 w.
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[image: image24.png]Tabauua 14

Juasenns AB/2, m

pofus 22| 3 | s |7s| 10|15 |22]30] 5075100150220

| [47 [398[ 26 181 |138] 12| 12| 12 [115|108|11.3|118] 11 |95 |93
2 3202416 | 1|9 | 8| 8fos|odl 2] 22| 2]
3 206180152 98 | 65| 58| 58[58 | 6 | 8 [&1[13 [ 14|14 14
4 |ugf22] 20 [155 | 15| 14 | 14 {128]13,7)165]168[135]12.5] 115|115
5 {264 16 | 11| 9 | & | 8| 8 [95|104122] 12 [126]126|126]126
6 |165]163 157152135 13 | 13 [132|142{135] 11 [104[ 95|85 |85

Bapuaut 5. Jln% onpefeneHns [IyGUHbI 3aleraHns yPOBHA TPYHTOBBIX
BOZ Ha CK/IOHe BHIMOTHEHO IecTh Todek B33 (PACCTOSHIA MeKIy TOUKAMI
250 ). [lanHble MONEBBIX H3MepeHHil NpeacTaBnensl B Tabmiue 13. Mo tan-
HBIM T€0JIOTHYECKOil Pa3BeKH H3BECTHO YTO CTPOGHHE Y4aCTKa MPEaCTaBIAeT-
CSl CIeAYIOLIHM: CBEPXY 3a7eratT CYTJIHHKH MOIIHOCTBI0 0-5 M, o1 HUMH -
NeCYaHNKH, a elle HIKE - MeCKH, KOTOPbie BBIXOIAT Ha MOBEPXHOCTh Y
B33-5 u B33-6. o1 neckamn fexaT TpelummHoBaTsie H3secTHAKM. Takie
N3BECTHO, UTO yPOBEHb IPYHTOBEIX BOA MPUYPOYEH K MIECKAM U W3BECTHS-
KkaM. Y B33-1-3 crepxy JemaT cyramky, y B3-4 Ha NOBEPXHOCTH BBIXO-
29T Mecuarmki. HeoBX0IMMO MpOMHTEpNpeTHpOBaTs  KpuBbie B33, mo-
CTPOMTL  reoaMeKTpHueckiii paipes 1 OMpEIETMTH FAYGHHY 3ateraHus
YPOBHS IPYHTOBEIX BOI.

TaGauua 15
R Suauennz AB2
g |E¢g
52| 1 |1s]22] 3| 4|55] 75|10 1522 3040 | 55|75]100[150|200 | 300

101 | 50 [50 [50{55 |64 |78 | 95 [115/135]140(135(125]100| 80 | 85 | 75
105 | 50 |55 [62(74 |88 |110|130 [150]165|160(140(125]110| 90 | 85 | 75
112 | 60 |75 [95{115[140(175 | 210 [220]200| 160(140| 125|135 160|180
400 {400| 00 [390(350{300 | 250 [200150|120{130| 150{170|200230|250
126 | 100 [100{100{100{100 100 | 100 [105|110|135|160|200(250{300|340|370| 230
130 | 100 [100{105{115|130| 175 | 220 |270|360|450(520|570{600|580| 540|440 360 | 340

ok —
°

Xoz padorst

1 Menonsays Sunorapudmudeckiii 61aHK 1 KaTbKy MOCTPOHTS KpHBbIE
B3

2 OnpexenuTs THITbI KPHBBL
3 C noMmomek0 IBYXCIOHHOMN U BCIOMOTaTeIbHEIX MAleTOK BBIMONHHTE KO-
ANdECTBEHHYIO HHTEPNPETALITI0 COBOKYMHOCTH Kpusix BO3. Tlpu nTepnpe-
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[image: image25.png]TaLuH HEOBXOIUMO YUHTHIBATE HMEIOIINECS Te0NOTHYeCKHe TaHHbIe U TaHHBIE
Gypenns.
4 Pe3ynbTaTel HHTEppPETALMH NPEICTABHTS B BIIE TaOIUIIBI

Ne cros Conporuaieime 101 p, Ov | Mownocts cros b,

5 Mcnonbays AamHbie O EOMOTHNECKOM CTPOGHUH paiioHa MCCTEA0BaHHi,
abcontoTHble oTvETRH Touek BI3, paccToHie Mekay Toukavu B3 1 peayrb-
TaTbl HHTEPMpETAUHH, NIOCTPOHTb TE03MEKTPHYCCKIIi paspe3 (IOCTPOGHNA Bbi-
OARATH Ha MILTHMETPOBOIH GyMare). Ha reosnekTpiueckom paspese A0MKHEI
GLITh YCTOBHBIC OGO3HANGHIA, YKa3aHbi BEPTHKATbHBI N TOPHIOHTATbHBII
MacwTadh!.

6 B coOTBeTCTBII C MOCTaBIeHHO! 3alaueii CIeTaTh OMHCAHIE reoaek-
TpHtIECKOrO paspeda.

JlaBopaTopHas pasota 2
«MIHTeppeTaUNS rO0rPadoB NPETOMIEHHBIX BOTHY

et paGoThI: MpiHOGPeTere HABLIKOB HHTEPNpETALMH roorpathos mpe-
TIOMIIEHHBIX BOJH TPH PELIEHHH 3a1a4 MHKEHePHOIl Te0NoTHH M THIPOreoso-
rum.

Matepuassl i 050pYI0BaHIE: MIITHMETPOBAS GyMara, KaTbKyIATOp.

3anaunue

175 HEMPEPHIBHOTO MPOCIC/KNBAKNSA KPOBAH CKATbHBIX TIOPOA MO PhIX-
JBIMH HGHOCAMH BHITOTHEHO CRiCMINECKOE MPOGHNPOBAHHE METOOM Npe-
HoMACHHBIX BOTH. PaccTosrue Mexay ceficmonpuenmnkami 10 M. Bapeiroii
nHTepBan 250M. [laHHbIE MOJCBEIX HAGMIOACHHIi MPECTABICHE! B Tabanue
16. HeoBX0QnMo NpOBECTH WHTEPNPETAUMio rOIOrpadioB MPElOMICHHBIX
BOMH 1 IOCTPONTS CelicMOreoNorHecKHii paspes.

Xoa paGoTst

1 To pesynbTaTam ceficMUMECKUX H3MePeHHii Ha MILIIMETPOBOii Gymare
MOCTPOHTS BCTpeuHEIE roorpadsl (Ha MITTHMETPOBOI GyMare CBEpXY 0cTa-
BHTL MECTO 171 Pa3HOCTHOro rogorpada, a cHu3y — 1 ceiicMoreonornte-
cKoro paspesa).

2 PaccumTaTh it MOCTPOHTS PA3HOCTHBII roz0rpac.

3 Ilo HaK/IOHY Pa3HOCTHOTO rOOrpada ONPeIeTUTs FPAHUYHYO CKOPOCTD V.
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[image: image26.png]4 Tlo Hak70Hy rozorpada NPAMOIi BOTHBI OMIPENENUTE CKOPOCTE B MEPBOM
c10e ¥i(vey).

5 PaccunTaTh M MOCTPOHTH JHHWIO [5BOTHBI MPETOMTEHHON Ha rpaHuue
cpex.

6 Tlo THHHH 7, BBIMHCIHTE CIYOHHBI 10 TIPETOMIISAIOWEH TPAHHLEL, Pe3yTbTa-
Tl PACUETOB 3amHCaTh B TABAMLLY:

1K, x, M
‘Adcomornas
onveia, M
[

7 Mo pesyasTaTay HHTCPNIPETALHN MIOCTPONTS CeficMOreonorHyeckii pas-
Pe3 I CACTATS €TO OMHCARNE B COOTBETCTBIN C OCTABACHHOI 3axavei.

Ta6uua 16. BapuanTe! sanannii

Bapuant | Bapuant 2 Bapuant 3 Bapiant 4 Bapuant 5
= = =
ClTSE | S ZE DT TITiE s
wie | wo | & 5| we | we [E 5| we | we e | we | & 5| we | e
2 2 < 2

0 [210] 0 165 (224 [ 0 165 {204 [ 0 170 [ 170 {210 0 [ 169

10 [211] 17 [ 158 12 [ 163 17 [ 163 15 [ 168 [210 | 18 | 165

20 [211) 33 | 152228 | 18 [ 160|208 | 31 | 157 [ 218 | 33 | 164 34 | 164
30 [211] 50 | 148 40 | 159 50 | 153 50 | 165209 | 50 | 161
40 [211] 59 [ 143230 | 56 [ 151|210 | 64 | 148 [ 220 | 66 | 160 67 159
50 [211] 67 | 39 69 [ 155 72 [ 144 82 | 156 | 206 | 86 | 155
60 [212] 74 [ 134229 | 80 [ 146|210 | 79 | 139 [220 | 85 | 151 90 | 149
70 [212] 80 | 128 82 [ 137 85 [ 133 87 [ 142 [204 | 94 | 141
80 [212) 86 | 122|226 | 85 [ 131|206 | 91 | 127 216 ] 90 | 136 96 | 134
90 [212] 91 | 115 88 | 122 96 | 120 93 | 127 )202 | 99 [127
100 [211) 96 | 109 {223 | 91 [ 115203 [ 101 | 114 [213] 96 | 120 100 [ 119
110 [ 211 ] 101 | 103 95 [ 109 106 | 108 100 [ 114 [202 [ 102 [ 110
120 [ 211 [ 105 ] 97 [222 ] 99 [ 103202 [ 110 [ 102 [ 212] 104 | 108 108 | 106
130 (211 [ 114 ] 95 103 | 98 119 | 100 108 [ 103 [ 203 [ 114 [ 101
140 [213]122] 94 [222 [ 108 | 92 | 202 | 127 [ 99 [212| 113 ]| 97 120 | 96
150 [ 213129 | 91 115 | 88 134 | 9 120 | 93 | 206 | 127 | 91
160 [ 214 | 136 | 89 [ 224 [ 122 | 85 | 204 | 141 | 94 [ 214|127 | 90 133 | 85
170 [ 215 | 144 | 85 129 | 81 143 | 90 134 [ 86 | 209 [ 139 | 79
180 [ 216 | 150 | 81 [226 [ 135 | 71 | 206 | 155 [ 86 [ 216 | 141 | 84 144 | 72
190 [ 216 | 154 | 67 144 | 53 159 | 68 149 | 66 | 210 | 148 | 64
200 [ 214 | 156 | 50 [ 228 [ 149 [ 41 | 209 | 161 [ 51 [219 ]| 154 | 50 153 | 50
210 [ 214|159 | 34 155 | 17 164 | 15 160 | 32 | 208 [ 157 | 32
220 (213|160 | 18 [229 [ 161 | 13 | 210 | 165 | 17 [ 220 | 166 | 16 163 | 16
230 [212]164] 0 [230[167] 0 |210]169| 0 [220]172] 0 [204[170] O
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[image: image27.png]Tewa 3 W3y cHite N0OI3eMHBIX BOA B MACCHBAX FOPHBIX T0POL

1 CyusocTs MeToza 3apserHOro Tena (M3T).
2 O6paboTKa i HHTEPNPETAINA MOTEBHIX HAOTIOTEHMIL.

3 CywHOCTb METOAa Pe3NCTHBHMETPHH.

4 0BpaboTKa 1t HTEPIPETALIA PE3NCTHBIMETPHHECKHX JAHHEIX.

‘OcHOBHBIE TIOHATHS 110 TeMe

OCHOBHBIMHU 3a7a4aMu NIPH H3yYEHHH MOI3EMHBIX BOJ ABIAKOTCA OMpeese-
HUA CIyGUHB 3ATEraHNS YPOBHS TPYHTOBBIX BOJ, HAMPABTEHMil H CKOPOCTH
JBUKEHUS MO3EMHBIX BOI, OMPEIeNeHne MHHEPATH3alii, ONpeleneHie CKo-
pOocTH GHILTPALIH MO3EMHBIX BOL.

1A% peltIeHus NOCTABIEHHBIX 3278t C GOTBLINM YCTIEXOM HCTOTb3YITCH Me-
Tome! ceiicMopasBenku B Moaudukauun MIIB u MeToxsl 31eKTpopasBeakn Ta-
Kie Kak: MeTox ectectBennoro nons (EIN), riaporeonoriuecknii Bapuant ve-
Tona sapsxenHoro Tena (M3T), pesucTHBUMETpHYECKHii METOA.

DI3HKO-Te0NOrHHeCKOil PEANOCHIIKOl MPHMEHEHNS CelicMHYECKNX MeTo-
0B 1715t Ompe/eneHns TIyOnHbI 3aleraHis IPyHTOBBIX BOJ SBISETCS pasnuyne
CKOpOCTeii MPOJOTBHEIX BOTH B HEBOJOHACBIIIEHHBIX H MOTHOCTBI) BOJOHACHI-
LIEHHBIX MOpoaX. B HecKalbHBIX MOPOAAX yPOBEHb IPYHTOBBIX BOJ MPEICTaB-
n7eT coBoii XOPOUIY MPeNoMIAIWE0 TPAHNILY IS MPOIONBHBIX ceficMmide-
CKUX BOTH, KOTOPAA YeTKO OTPAKAeTcs Ha roforpadax. B CKATHHAIX MACCHBAX.
ropHbIX nopox rpannua YIB ssnsercs craGoii mpenomisiomeii rpanmueii 11
TIPOIOTBHBIX BOMH. [10CKOMBKY CKOPOCTb MOMEPEUHBIX BOIH HE 3aBUCHT OT CTe-
TMEeHH BOJOHACKILIEHHOCTH OPObI, TPAHHLIA 30HbI MIOTHOrO BOIHACKILICHHS HE
SBMACTCA A HUX mpenommsomeii. O6paboTka celicMHYECKHX JaHHBIX, Kak
TPaBHII0, OCYLIECTBIAETCA CMOCOOOM ty U Pa3HOCTHOTO rogorpada.

114 onpeseneHns HaNpaBleHUs U CKOPOCTH JBIKEHHA MOI3EMHBIX BOX HC-
TIOMB3YIOTCA METO/IBI 31EKTPOPA3BEIKH: METON ecTecTBeHHOro noas (EI) u me-
Tox 3apskeHHOro Tena (M3T) ruaporeonornyeckuii BApHaHT.

MeTox ecTeCTBEHHOTO MOIs MO3BOMAET ONPEAETHTh HANPABICHHE JBHKEHHT
MOM3eMHBIX BOX 0e3 CKBAKMHBI MpPH  MEIKOM 3aneradnu. Ouzuko-
reonoruyeckoii MpeanockIKoii npumeHenus MeTona EIT aBnsieTcs TecHas cBb
3MeKTPHUECKOro i (HIBTpaLHONKOTO Noreii. [loTeHunan nons BospacTaeT B
HanpasIeHuH IBUKEHHA I0TOKA.

Mertozauka HaGMHOAEHHIT CBOAUTCA K H3MEPEHHEO Pa3HOCTH noTeHuuanos AU

110 pasHBIM HanpasTeRnAM (depes 30-45°). O6paGoTKa Pe3yTbTATOB CBONTCSH K
nocTpoeHHIO KpyroBoii Anarpamyist (pic 9). [Ipi MOCTPOGHMH MO KaKIOMY Ha-
NPaBIICHNIO OT LHTPATLHOTO MYHKTA B 00€ CTOPOHBI OTKIAABIBAIOT HIMEPCH-

Hble pasHocTH noTenunatos. Kouust otpesos AUj, AUs AUs, AU, coemunsior
M MOTYHaKT «BOCBMEPKY», ITHHHAS OCh KOTOPOii BBITAHYTA 110 TEYEHUIO MOTO-
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s nomoxa

PucyHok 9 OnpeTenexye HanpasTexHs MOTIENHOTO NOTOK \eTozoM EIT: a — pacrionoese nph-
Y A —

xa. Hanpaenenue moToka ompenensoT MO HanpaBleHUIO BO3PACTaHMS MOTEH-
umana

Jlns onpeneneHus HanpaBIeHHil H CKOPOCTH ABHKEHHS MOA3eMHbIX BOJ MO
OIMHOYHBIM OYPOBBIM CKBAKMHAM O4eHb LIMPOKO MCIONb3yeTCs THAPOreono-
FuuecKii BAPHAHT MeTONa 3apSUKEHHOrO Tena - M3T. DTOT MeTox, 0CHOBaHHBIi
Ha M3yueHNN UCKAKeHNii B ICKYCCTBEHHOM 1eKTPHYECKOM MOTe, CO31aBaEMOM
JBIKEHHEM 3IeKTPONNTa B BOAHOM noToke. CyTh TaHHOTO METOAa CBOIHMTCH K
CIIEyHOMEMY; OT YCThsl CKBaKHHBI O YIIIOM B 45° Ipyr K Apyry pasduBatotcs
Bocemb nyueil. Ha myue, BbIGPaHHOM B KauecTBe Ga3sUCHOTO (B HanpaBleHuu,
TPOTHBOMONOKHOM MPENOIAraeMoMy ABHKEHHIO BOJbI), PacronaratoT Henoa-
BUsKHBII npHeMHbiii 37ekTpox N. Jl1A HEOBCAKEHHBIX CKBIKHH GaziCHOE pac-
crostme NO 0T HX YCThst 10 371eKTpoaa N I0TKHO MPHMEPHO PaBHATBCS T1yon-
He 3aeraHus /i TOro BOAHOTO FOPH30HTA, TMHAMHYECKHE 0COGEHHOCTH KOTOpO-

Pucynok 10. MeTox 3apsixensoro Tena.
- paspent 1,2~ MPOHMKHOBEHMHE STEXTPOTHTA B HILTPYIOUII MIACT K MOMEHTAN BPEMEHH [; H
15, 3 - B0T0YTOP; G ~ NOTOKEHHE SKEHNOTEHLMATSHEIX Ttk CPAZY TIOCTE BBEIEHHA B CKBARMHY
TEKTPOTHTA (1) H & MOMEHTS BPEMEHH 4, M Iy, 4 - HAPABTIEHHE TBIKEHHS MOTOKS; 6 - TPAPHK
CMEUIEHIS SKBHTOTEHIMATSHSIX Tkl B HAMPABTEHHH MOTOKa KaK GYHKIIAA BPEMEHH: | - KBHIO-
TesuMATERAR OGTACTS, // - HENBHTOTEHLMATS HER 0GTACTS
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[image: image29.png]IO CTpeMATCH W3yunTh, ONTHMATHHOE PACCTOSHME T4 CKBAKME, 0GCAKEHHBIX
KOTOHHOI MeTaTTHueCKIX TPy 06Opy10BaHHOi GUILTPOM, cocTasaseT 2,5h.
B CKBaKHHY BBOJAT 371eKTpoIHT (uaie Beero NaCl), KOHUGHTPALHs KOTOPOro
B CTBOIE I0/KHA A0CTHTATh 2-3 2/1. OMUH U3 MHTAKOWMX 37eKTPOI0B (4) omyc-
KaloT B CTBOM Ha yGHHy ), a BTOpoii (B) 0THOCAT B GeckoneunocTs (OB210 h).

BaesenHblit B CKBaKMHY 37EKTPOTHT MOCTENEHHO MPOHHKAET B OKPYKAK-
mHe ropHble Mopoxkl. [IpoHHKHOBEHHE GyZeT, ecTeCTBEHHO, HaMGOMBIINM B
HamnpaBlIeHUH IBIKEHNSA MOI3eMHBIX BOX. B 01HOpoaHOM rpaHyisapHOM hHIbT-
PYIOlIeM M1aCTe 30Ha MOPO, HACHIMIEHHEIX HTEKTPOTHTOM, MPHMET OPMY Bbi-
TaHyToro s3bika (Puc. 10.a). [o BepTHKaTH €ro pasMep, B HEOBCAKEHHBIX CKBA-
JKMHaX OyIeT OnpelensTbCs MOLUIHOCTBIO BOAOHOCHOTO MIIACTa, a [T 0OCaKeH-
HBIX - HHTEPBATOM, COOTBETCTBYIOWMM AnHHe (uibTpa. Ero mmpnua B He-
CKOBKO Pa3 MPEeBBICHT AMaMeTp CKBakHHbL Takum 00pa3oM, Ha HEKOTOPOit
Iy6UHE OT MOBEPXHOCTH 3eMTH CO3TAETCA YBETHUHBAIOUIEECA C TEMEHHEM
BPEMEHH TerO BEICOKOI 371EKTPONPOBOAHOCTH. Ha MOBEPXHOCTH 3eMIH MO Ha-
BIr0aTeNbHBIM Ty4aM HAaXOLAT MOJOKeHHe IKBUMIOTEHUHATBHOIT IHHIIH, COOT-
BeTCTBYIOLICH HauaTbHON GOPME 30HbI SMEKTPONNTA ((APTKEHHOTO Tela»).
TIpu MabIX CKOPOCTAX MOTOKa 3Ta (hopMa G/i3Ka K Kpyrosoii (Puc. 10.6). Ecin
uepe3 HEeKOTOPOE BPeMs BHOBb OMPENENHTh MOJNOKEHHE FKBHIOTEHUHATBHBIX
AuHM, TO OHO OKAKETCA CMEMEHHbIM MO OTHOUEHMIO K HAUATBHOMY. JTO
CMellierie GyTeT HAMGOTBUIIM B HANDABTEHNN MepeMElICHNs Tena BHICOKOI
37IEKTPONPOBOAHOCTH, HHAYE TOBOPS, B HANPABIEHMH JBHKEHWS MOI3EMHBIX
Box1. Jlnst momyyeHus Gonee HaJeKHBIX JaHHEIX MOCTEI0BATETbHO CHIMAOT He-
CKOTBKO 3KBHMOTEHIMATGHBIX THHHiL. [pH CKOPOCTH JBIKSHUS MOTOKA, Mpe-
BBILAONIeli 3 1/Cym, STH THHWH CHUMAIOT HEMpEPHIBHO. B CTyvae MeHbLINX
CKOpOCTeii MekIy MOCTeAyHOUIMMI CheMKaMH IOMyCKaeTcs nepepsie B /-2 4.
TIponOMKNTENBHOCTE BCETO UMKIA HAOMIONeHNIT HA CKBAXKHHE OOBIMHO JUTHTCS
oT 8-10 4 70 2-3 cym. B TeueHHe 3TOTO BPEMEHH B CKBAKHHY HECKOTHKO pas
00aBNAIOT COMb, JOOMBAACH TEM CAMBIM HEMPEPBIBHOTO MOCTYIICHHS 3IeK-
TPOIHTA B OKPY/KAIOLLYHO CPey.

IMo HANPaBIEHHIO CPENHEMAKCHMATHHOTO CMEIIeHNs BCEX SKBHIIOTEHLH-
aNbHBIX THHUI HAXOIAT HanGo/lee BEPOSTHOE HAaNpaBleHHe ABUKEHHS MO3eM-
HbIX 807, JI1% OMpeTeTeHNA CKOPOCTH NOTOKA CTPOAT PGk, 10 OCH OpIHHAT,
KOTOPOTO OTKTATHIBAIOT 3HAUEHNA MaKCHMATBHOTO cvemenns Al, a Mo ocn
aBeLICe - MPOMEYTOK BPEMEHH MEKIY CheMKaMi IKBHMIOTEHIIATLHEIX HHi
(Puc. 10. B). KoHeunas 4acTh rpaduka MoCTENeHHO BHIMONAKNBAETCA. DTO B~
JleHNe CBA3aHO C TeM, YTO NOC/E TOTO, KAaK CONEBOE Telo CHIBHO BBITAHETCH,
OHO MepecTaeT ye ObITh KBHNOTEHIMATBHBIM, T. €. TAKHM, B KOTOPOM BCE
TOYKH HaXOAATCA MOJ OJHMM H TeM ke NoTeHuHatoM. [loTenuuan B10b f3blka
3MIeKTPOTUTA 3aMETHO MajaeT. B pesynsTaTe npuparienne ero AmHHbI NPHBOIUT
K MeHblLEMy, UeM B Hauanle, CMeLeHH 0 IKBHIOTeHMATbHBIX THHNiL. HakoHew,
3T CMellleHHe CTAHOBHTCA COBEPIIEHHO HE3AMETHBIM, H TPAGHK MEPEXOTNT B
MpAMYIO THHIIO, MApATAETbHYIO OCH a6CIHCE.
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[image: image30.png]CKOpOCTb IBIKEHHS MOI3EMHBIX BOX JyHlle BCEro ONpeleniTh Mo cpeaHeit
wacTu rpaduka, e OH, N0C/e YCPeIHEHHs CTyHaiiHbIX OTKIOHEHHIT, MpeacTas-
ARET COBOY MPAMYIO THHIIO, HAKTOHEHHYH0 TOT TEM HTH HHBIM YITIOM K OCH
abeuuce. 3a1aBuiuck B 3T0i wacTi rpadika AByMs TOUKaMH, HAXOIAT AeficTBH-
TeTbHYH0 CKOPOCTH TMOTOKA V KaK OTHOLIEHHE CMEIeHNs coneBoro Tena Al 3a
NpOMeKYTOK BpeMeHu A

v=Al/At

Pe3iCTHBIMETpHYECKE  HCCTE0BAHMA  3aKTIONAIOTCA B OMpeenieHi
VAETbHBIX 3MeKTPHYECKHX CONPOTHBIIEHHI NPOMBIBOYHOI! JKMAKOCTH HIIH BOIbI,
anonHAOLeli CTBON CKBakuHEL CONPOTHETEHHE KILIKOCTH B CTBOTE CKBAKM-
Hbl 3AMEPSETCS PEINCTHBIMETPOM, NPEICTABIOINM COBOIi KapoTaKHbIii 30H1
MaTBIX Pa3MepoB (B BUIe OTpe3ka TpyGbI) H3rOTOBIEHHBIIl 13 H3OMALMOHHOIO
Matepuana.

C MOMOMIBI0 PEHCTHBHMETPHYECKOTO METO1a MOKHO YCTAHOBHTH MecTa
TOATOKA MON3EMHEIX BOX B CTBOM CKBAKHHBI, BHIYHCIHTb CKOPOCTh HX (HIBT-
pauun U OUEHHTh MHHepanu3auuio 3T Bol. CyTb 3TOro MeTola B Clemyio-
1em. C MOMOIIBIO PE3NCTHBUMETpA ONpeleNfeTcs CONpOTHBACHHE BOTb! N0
BCeMy CTBOY CKBAKMHBL 3aTeM B CKBAKHHE CO31IT MOBBILIEHHYI KOH-
UEHTPALMIO MEKTPOINTA, VIS Yero Mo BCeMy CTBONY HECKONBKO pa3 mepe-
MEIIAT MPUKPENIeHHbE K KapOTAKHOMY Kabemio MeIIKH, HamoTHeHHbIe
consio (NaCl). KoHUEHTpaLiio 31eKTponiTa A0BOAAT 10 2-3 2/1, 4T0 CoOT-
BETCTBYeT yAeNbHOMY COMPOTHBIEHHI mpiMepHo 2-3 Om:u. O paBHOMEpHO-
CTH CO31aHHOIl KOHIEHTPALHNH 3EKTPOTHTA CYAAT MO KOHTPOIbHOH Pe3ncTH-
BiMeTpHueckoil anarpamme (Pic. 11), CHATOl MO BCeMy CTBOMY CKBaKHHBI

20 40p,0MM
yre - ‘0 ‘P'
x

40-

PrcyroK 11 COBOKYMIHOCTS PESHCTHEHMETPHIECKIX KPHBSIX

20



[image: image31.png]MIM B Tpeaenax MOIIEKAIIero M3yueHWI0 MHTepBana. [loBTopHbIE 3aMmepsl
CONpOTHBIIEHHI, T. €. CHATHE Pa3UCTHBUMETPHYECKHX AMArPaMM, N0 KOTOPBIM
ONpefensIOTCA CKOPOCTH BEIMBIBAHUS 3EKTPOTUTA W3 CTBOTA CKBAKMH, Ha-
4MHAIOT MPOM3BOIUTE YePe3 ONpeleeHHble HHTEPBAlbl BDEMEHH, KOTOpbIe
3aBUCAT OT KOMHUECTBA ONpeCHsioueii BoAs i KonebmoTes ot 15- 30 wun
710 HECKOTbKMX CYTOK M Iake Helelb. [IpH 3TOM 3amuchIBaeTCA BPeMs Haua-
12 M OKOHYAHNSA CHATHA KAKI0/ PEIHCTHBHMETPHYECKO ANATPAMMBI.

TMonyyennsle B pesynbTaTe HaOMIOIEHHH KPHBBIE yNENbHBIX COMPOTHB-
Nenuii XapakTepH3yIOT H3MEHEHHE KOHUEHTPALNH 3MEKTPOTHTA BIOTb HC-
C/IeN0BAHHOTO HHTEPBANA B MOCTEIOBATENbHEIE MOMEHTEI BPEMEHH. AHa-
N3 COBOKYMHOCTH 3THX KPHBBIX MO3BONAET BLLIEMHTh OTAENbHBIE YHaCTKM
I1T1 30HEI OTHOCHTENEHO GICTPOTO BO3PACTAHIA COMPOTHBTEHIA, COOTBETCT-
BYIOIIME MECTAaM HHTEHCHBHOTO OMIPECHEHI PACTBOPA, T. €. MECTaM Hanoo-
Nlee aKTHBHOI LHMPKYJSUMH MOA3eMHBIX BOX. [10 KOH(UIypaLiH KPHBBIX
COMPOTHBIEHIH MOKHO OMPETETHTh KaueCTBEHHBIE 0COBEHHOCTH hHIBT-
paLMK NMOA3eMHBIX BOI, @ TaKkKe CTeNeHb TPELIMHOBATOCTH U MPOHMIaE-
MOCTH CTEHOK CKB@/KHHBI B HCCIEIyeMOM HHTEpBale.

KpoMe Toro, aHaTi3, KOHOHIYpAIHNH PesHCTHBAMETPHMECKHX KPHEBIX B PATE
CTyuaeB N03BOTAET YCTAHOBHTH HATHUHE BEPTHKATHHBIX MepeMeLLeHHii MoTseMHBIX
BOJ BOIOHOCHBIX TOPH3OHTOB, 00/TATAOIINX Pa3THYHBIMI HAMOPAMH.

PaBHOMEPHBIii BLIMBIB 3EKTPOITHTA I3 CKBA/KHH N03BOMAET BLIMHCTHTE CKOPOCTS
HIBTPALIK 15 PA3THYHBIX HHTEPBATIOB.

1% 7AMHHADHOTO TeUeHNA UCTIONE3yeTCA creayiolas opMyTa OnpedeteHis
CKOpoCTH HIBTpaLH B Mopose:

181d |, C,-C,
—— e
m, ~1) ~C,=C,
e d - anametp ckBaknHel; Cj - CTECTBEHHas KOHLIGHTPALNs 3MeKTPOINTA B MO
semmbIx Bozax; C; 1 C, - KOHIEHTPALIA STEKTPOTHTA B CKBAKHHE B MOMEHTEI
BPEMEHH 7; U 1,; M - KO3(h(HUHEHT MPOHNLIAEMOCTH CTEHOK CKBAKHHBI, H3MEHSIO-
mwtiics oT 0,5 10 4; 715 XOPOLLIO MPOMBITEIX HEOGCAKEHHBIX CKBAKHH /=2,

Mo kaIOMy BBIIETEHHOMY i 0OpabOTKM YYaCTKy CKB@KHHBI 110 PE3NCTH-
BHMETPHYECKUM HArpaMMaM ONPEIeNsioT CONPOTHRICHHE BOIBI Dy, Pas H Pan M C
MOMOLIBI0 HOMOTpamM (TIpiioskeHHe |) ONpeNeNsioT KOHIEHTPALIHIO eKTPOTHTA.
3arem CTPOAT rpadHk, IIe M0 OCH OPANHAT B JTOrapH(MHUYECKOM MaciuTabe oTKIa-
ematorcs snauenns C-Cy B 2/2, a 10 OCH ABCINCC - BPEMS B aPHGMETHIECKOM
macurTade (puc. 12).

CorniacHo ypasHeHio (*), TOUKH rpadiKa TOTKHE edb Ha TPAMYIO C YITI0-
BBIM KOYDPUIHEHTOM

°

lg(C, -C,)-1g(C, -C))
tn 4 )
VI71080#f KoB(OHLNEHT HAXOTUTCH TPadHUecki KaK OTHOLLEHHE PAsHOCTH Op-
ZMHAT K Pa3HOCTH aBCLNCe ABYX NPOH3BOBHO BEIOPAHHBIX TOUEK:

ga =
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[image: image32.png]Cr=Couifn

20 hwa 60 tun
Pucysox 12 Tipusep rpadika 118 Onpeenestis CKOPOCTH GHISTPAILN

rga:(ll—ll)/M(tz—t,),

e /) 1 [; - OpaMHATHI MepBOii 1 BTOPOii TOUeK OT FOPH3OHTATLHON MPAMOii ¢ e~
HUYHOIT OPANHATOI, ci; M - MOZY/b TOrapiu(MHUYECKOii CETKH, CM; 1 - 1) - IPOMEKY-
TOK BPeMeHI1, COOTBETCTBYIOLIIi JBYM B3STHIM TOUKAM.

OKOHUATETHHO CKOPOCTS (PTLTPALIIH PACCUHTHIBAETCA 10 oy

V, =181diga .

Bonpoch! U1 CaMOKOHTPOS

1 B uem cymHocTs MeToza 3apsaa?

2 NoweMy IKBHMIOTEHINATHHbIE THHH HA TIOBEPXHOCTH CMEMIAKTCA MO Ha-
npaeeHo notoka?

3 OT wero GyeT 3aBHCETh BETHUNHA CMEIIEHNA IKBHMIOTEHINATEHEIX TH-
Huit?

4 Kaxoii napaveTp onpeeseTcs ¢ NOMOLIbHO PesHCTHBIMETpa?

5 B ueM CyTb pesCTHBHMETPHUECKHX ONpeieteHiii CKopocTH (HibTpa-
unu?

6 BInseT 1M Ha CKOPOCTS (PHLTPALITH MHHEPATH3ALIA TOT3EMHBIX BOA?

2



[image: image33.png]JlaBopatopHas pasora |

«Onpegetenie HANPABIEHHS H CKOPOCTH ABIKEHNS NMOIIEMHBIX BOX

MeTo0M 3apsita»

Lleas padoThI: 03HAKOMICHHE C 3MEKTPOMETPUHECKIM METOTOM H3YWeHNA

JAWHAMHKH MOA3EMHBIX BOI.
MaTepas! i 000pyA0BAHIE: MILTHMETPOBAR GYMara, KaTbKyIATOp.

3ananue

Mo naHHBIM HaBMIOKEHHIT METOZOM 3aPAKEHHOTO Tella MPOBEICHHEIX B OH-
HOYHOH CKB@KHHE ONpeleluTh HamnpaBleHHe M CKOPOCTb ABHKEHHA MOTOKa
NOT3eMHEIX Bo7. /laHHble MOMEBHIX HAOMOIEHMil NPEICTABTEHE! B TABIMLAX

17-21.

Tabanua 17 Bapuaut |

o o |Patan spevs pervcrpauii
HE o nesTpa cxamANAH, ¥
E
Tio saconerus | Tlocne saconesins | Tocne saconess | Tlocae saconesis
20 vas 20 vas 21 vas 22vas

Su 2045 B N

1| o 31 318 2 2
845 s 204 10 33 R 45 wun 9y

2| s 315 315 2| 32
8410 s 205 15 B 10 e 95

3| 200 305 k) 3 34
8415 s [20 520 v I 94 10 v

4| s a 34 38 )
820 v [20 5 30 v 8920 e 9415 v

5| 20 30,5 35 43
830 s [20 5 20 825 e 9420 v

6 | 335 a 35 39 44
840 s [20 5 45 s 830 e 97430 v

7] 2 a k) 3 33
845 sy [20 4 55 EEED 940

8| 65 a k) 32 34

)




[image: image34.png]Ta6muua 18 Bapuant 2

" Tlara u spens pernetpati

- PaccTosHHE OT eHTpa cKBmKISL, M

B 24 Jlo 3aconexus. Tlocne 3aconexns. Tlocae 3aconenus Tlocne 3aconerus
[ wions, 9.4 30 3 woma 19w S wors 8 u 13 5 iona 1745

E 24 25 26 27
[ wions, 9. 35 & wsoma 19w 1 S wors 8 4 2 5 nioma 174

2| 2 25 255 26
[ wions, 9 4 30 ¥ wioma 19 4 2 5 wors 8 433 5 nioma 1742

3| s 25 25 25 25
[ wioms, 9 45 [T ona 19w 2 5 wors 8 4 50 5 wioma 1742

4| 190 2 27 2 30
[ wions, 9 4 50 ¥ wona 19 w3 S wors 8 4 3 5 wioma 1743

5 | s 2 B 29 295
[ wroms, 10 4 3 wsoma 19 w 3 S wors 94 10 5 wiona 1743

6 | 20 25 2 29 30
[ wioms, 1040 ¥ wona 19 w & 5 wors 94 20. 5 wioma 173

7| 32 25 27 B 29
[ ons, 1002 3 weoma 19 43 S wors 94 33 S wioma 1743

8| 10 25 2 2 26,5

Tabmua 19 Bapuant 3

- Tara u spes perucTpamin
B PacCTOsHHE OT LeHTpa CKBaRHHEL |
2 o saconexin Tlocae saconenita Tocne saconenms |  Tloce 3aconenis
T s, 8 4 8 vas, 745 9van, 84 10vas, 94
1 135 2 30 30 2
7van, 843 8 van, 7410 9rvas 8 4 5 10vax, 9 4
2] 1m0 295 30 31 32
Tr@a 810 rian 74 15,0 9 3an 8 10 10,a2 94 334
3| s 25 £ ] 34
Th@n 84 153 8 seas 74 20 v 9ran 84 1530 1030a2 99 10
4| 20 B 34 E 2
7 2ian 8420 § sea 7 30 v 9 3van 8420 103@2 94 13
5| s 25 £ 40 a5
7hian 8 4303 8 sea 70 40 v 93van 8 42530 10,0a2 94 730
6 | 60 B 35 9 4
7 rian 8 440 8 seas 7043 v EETERED 10 va2 9930
T s B 20 31 35
T R vean 70 43 v EECEEEDT 10,322 99 20
8 % B 2 20 2
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[image: image35.png]TaGiua 20 Bapuant 4

Tlata i spess perucTpati

PacCTORKME OT EHTPR CKBTANHSL, M

o saconerns Tlocne saconenns Tlocne 3aconeria Tlocne saconens
20 vapra8 42| 20 vapta 14 4 007t | 21 vapra 8 21 vapra 15 9260
2 3 16 175
2 [ 220 |20wepragy 20 vapra 14y 20 vapra8u s 20 vapra 15
15 12 16,5 | 17,5
3 265 |20waprasul 20 vapra 144 20 vapra8 410 20 vapra 15y
2 12 12 | 12
[ 310 |20wzpragu3 20 vapra 144 20 vapra8u 15 20 vapra 15
[ 14 18 | s 2
5[ 35 |20wapragug 20 vapta 14 4 20t | 21 vapta 8 423 20 vapra 15
2 15 22| 245
6 40 |20waprasus 20 vapra 144 20 vapra8 430 2lvapra 15y
15 13 20 | 2
T 8 |20wzprasus 20 vapra 14w 2T vapra8u s 2lvapra 154
2 13 16 | s 17
8 130 |20wepradu 20 vapra 144 20 vapra8 440 2lvapra 16y
2 13 15,5 1”7
Tabuua 21 Bapuant 5
Tiata 1 spess perncTpats
PACCTORHHE O LIEHTPa CKBAMHSI, M
Tio saconerns Tlocne saconeris Tlocne saconenns Tiocne saconeris
20 vapra8 420 20 vapra 14 401 20 vapra 8400 2 apra 15 4
12 13 16 | o
17.5
2 | 220 |20vapragu2s 20 vapra 1443 20 vapra8 4 20 vapra 154
ns 12 16,5 | sann
17,5
3| 265 |20mapragu30 20 vapra 144 1 20 vapra8 4 10 20 apra 15 4
12 12 12 | o
12
2| 310 [20vapragu3s 20 vapra 144 1 20 vapra8u 15 20 apra 154
13 14 18 | o
2
5| 355 |20wapraguds 20 viapra 14 4 21 20 vapra8 425 20 apra 15 4
12 15 22 |
245
6 | 20 |20mapra8us0 20 vapra 14 42! 20 vapra8 430 2epra 15 43
ns 13 20 |
2
7| 85 |20wapraguss 20 vapra 14 43 20 vapra8 435 2lvepra 1543
12 13 16 | o
17
8| 130 |20vapradu 20 vepra 144 20 vapra 840 2lvapra 164
12 13 15,5 17
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1 Mo MaHHEIM M3MepeHuii HA MHLTHMETPOBKE NMOCTPOHTL KPYrOBYHO Aua-
rpamMy zommHmii noTeHuMana. MacuTab mocTpoeHii BBIGpaTh CaMOCTOs-
TenbHO.

2 TMo KpyroBoii Marpame Mo HANPaBTEHHI0 MaKCHMATLHOTO CMELIEHHS
M30TMHUIT ONIPeIeHTb HAMpaBIeHHe IBHKXEHNS MOTOKA MOI3EMHBIX BOI.

3 Ha MIITHMETPOBKe MOCTPONTS TPa(UK CMEIEHNS IKBHMOTEHIIHATBHEIX
NMHNIi B HANPABIEHHH IOTOKA 32 BPEMS H3VEpeHHii.

4 Tlo rpamKy OnpenennTs CKOPOCTh ABHKEHHS MOTOKA.

5 OhOPMITS pesyTBTaTE! B BilTe NOACHHTETBHOI SATHCKH C MPHIOKEHTEM
padUUEcKIX MaTepHATOB.

JlaBopaTopHas pasota 2
«Onpesesente cOPOCTH GIALTPALII MOTIEMHBIX BOT 110 AAHHBIM
Pe3uCTHBUMETPHID

Leas padoTel: onpenenesne CKOpocTH (HILTPALIH MOI3EMHBIX BOJ CKBa-
FKMHHBIM PE3UCTHBHMETPHYECKUM METOIOM.
Marepuassl i 050pYI0BaHIE: MILTHMETPOBAS GyMara, KaTbKyIATop.

3ananue

OnpenenuTs CKOPOCTh (GHILTPALNN MOAIEMHBIX M0 TaHHBIM PE3UCTH-
BUMETPHYECKUX HCCIEI0BAaHMH B TMAPOTE0JOTHYECKOil CKBakHHe (JaH-
Hble BbIIAKTCS MpenoaaBaTeneM)

Xox paSotsi

| o ZaHHBIM MOMEBEIX PE3NCTHBHMETPHUECKHX H3MEpEHHil B CKBa-
JKMHE MCCIeN0BAaHMil MOCTPOMTb PE3UCTHBUMETPHYECKHME KpuBble. [lo-
CTPOEHNS BHIMOTHATE HA MUILTUMETPOBKE.

2 TIpoaHaTH3UPOBATE PE3MCTHBHMETPHUECKHE KPHBLIE H CAETATh Bbl-
BObI O NOBEJEHHU NOI3EMHOTO NOTOKA.

3 Ha 3aganHoii rnyOnHe Mo PH3NCTHBUMHTPUYECKMM KPHBBIM Ompe-
JeluTh BETMUNHY yAeIBHOTO COMPOTHBIEHUA MOA3EMHBIX BOI.

4 o Homorpamyme (npuioxkeHue 1) nepecuuTaTh 3HAUEHUA yIETBHO-
O CONPOTUBIEHHS BO B BEMHUIHY MHHEPATH3aLIN.

5 MoctponTs rpaduk 3asucivoctn Cyp-Cj OT BPEMEHH 1 HATH YITIOBOH KO-
ahduimeHT iga.

6 o cooTBeTCTBYIOMEl GOPMYTE ONPEIETHTS CKOPOCTS HHIBTpALI
N013eMHOr0 MOTOKA.

£



[image: image37.png]7 Pe3ymbTaTel OOPMHTS B BHIC MOACHHTEBHOI 3AMHCKH C MPHIOKEHIEM
rpadhiecKiX MaTepHanos.
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Ipinoenite 1 HoMOpayMa 415 OMpEIeeis MHIICPATHIALIH OTICMITLIX BOX
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[image: image38.png]Tewa 4 M3yueHne cBOJiCTB 1t XapaKTEPHCTHK FOPHBIX OPOA

1 TlonsTHe 0 rpaIHeHTHOIi cpede.

2 CeiicMiyecKHit METOZ HCC/eI0BAHNS IPaIHEHTHBIX Cpell.

3 Vmpyrue CBOIiCTBa FOPHBIX MOPO..

4 MeTomuka 1aGOPaTOPHOTO ONpeIeeH s YIPYTHX CBOHCTB MOPOL.

‘OcHOBHbIE TIOHATHS 110 TeMe

Tpu pemennn 3agad MHKEHEPHOH reONOTMH OTPOMHOE 3HAYEHHE HMeeT
H3yueHHE 30HbI BBIBETPHBAHNS CKATBHBIX MOPOI, HEKOHCOMHANPOBAHHBIX Tep-
PHMTEHHBIX OT/IOKEHHil, He MOJTHOCTBIO NPOMEP3IIHX TOPHBIX MOPOd M APYTHX
e0MIOTHUECKNX CPe, B KOTOPbIX CKOPOCTH M1aBHO YBETHUUBAETCS C [1yGHHOI.
Takoro poza cpelbl Ha3bIBAIOTCA HEMPEpPbIBHBIMH HIH TPalHeHTHBIMH, MO-
CKOTTbKY OCOBEHHOCTH PACTIpOCTPAHEHHs YNPYIHX BOTH B HUX Ofpefensercs
BEMYMHON M HAMpaBIEHHEM IPaaieHTa CKOPOCTH, KOTOPBIH HampaeieH Mo
HOPMaIH K H30THHHAM PABHBIX CKOPOCTei.

Haubonbinee — NpakTHUeCcKoe  NpHMEHEHHE  HAMTA  BEPTHKATHHO-
HEOIHOPOIHAA MOIENb CPelbl, 11 KOTOPOi CKOPOCTb SIBNAETCH TOMBKO (yHK-
uneit ryGuHE! v =1(z). Bo MHOrUX ciyuasix H3MEHeHHe CKOPOCTH C ITyBHHOit ¢
0CTATOYHOI TOYHOCTBIO OMHCHIBAETCA THHEIHBIM YPABHEHHEM

v(z) =vy(1+2)

IZe ¥ - OTHOCHTEbHBIH BepTHKATbHBIH rpamHent B M mmn k™. L1 30H8!
HHTeHCHBHOTO BhiBeTpHBaHus y=50+150 M, 173 Teppurenmnix mopoa -
7=10+50 M™!, 117 KpHCTANTHUECKHX METaMOPhH30BAHHBIX OTIOKeHHI 7=0,5+5
M-‘.

CeifcMiueckite BOTHbI, PACTIPOCTPAHSIOUINECS B FPATHEHTHBIX CPEaX, Ha-
35IBAIOT MPAMBIMH pedparnposaHHEIMK BoTHaMu (puc. 13). [l HIX XapakTep-
Ha KpHBOTHHeiiHAA dopMa Tyueil. ECH 3aKOH W3MEHEHHS CKOPOCTH ¢ My6i-
HOM, v(z)=v,(1+ fz) TO ypaBHeHue rogorpada npsmoii pedparupoBaHHoil BOI-
Hbl HMEeT BUI:

1(x) Wiarcsh %
0

. 3

rae arcsh — apkennyc runepGonnyeckuii (aresha = In(a ++Ja’ +1)). Ina

JpYrHX 3aKOHOB M3MEHEHHs CKOPOCTH ypaBHeHue rozorpaa Oyzer umeTs Go-

e croxHblil BHA. B COOTBETCTBHI C 3aKOHOM NpeoMTeHns COrmacHo ypas-
HeHmo

£



[image: image39.png]v(z)
sin f(z)
Jiys, BEIXOZAUU B TOUKY Ha 3eMHOI MOBEPXHOCTH HE MOKET NPOHHKHYTb Ha
Fy6HHy GOTbIle HEKOTOPOii MpeTeTbHO TIYOHHEI Z,, Ha KOTOPOH YTOT Mpe-
nomnenns Gyaet pasex 90°

= const |

é v(0) X
v(z) h
z
Pucynox 13 Jlyun i rozorpag mpsvo pedparuposassoli
wz)  __v0)

=V 1k Sinf(z,) =sin90" =1 1o

sinfB(z,) sinB(0)

v(z,) =vg.

Tak Kak B TpaIieHTHOl cpelle CKOPOCTh ¢ FIyBHHOIT BO3pacTaer, To Ha 3eM-
HOI1 MOBEPXHOCTH MOKHO HAOMIONATh BOIHBI, KOTOPbIE TOCTHIIH PA3THYHOM
TIyOUHBI B Cpefie U KOTOPbIe Ha3bIBAKOTCSA MPAMBIMI peparnpoBaHHBIMH.

(Crle0BaTe O, eCT MPOBECTH KacaTelbHylo B MH06oii Touke rogorpada,
TO M0 HAKTOHY KACaTeNbHOI MOKHO ONPEETHTB CKOPOCTh V(z) Ha HEKOTOPOii
ry6HHe 2 KOTOpOit JOCTHT Ty PeparHpoBaHHON BOTHL.

B cayuae ecn Huwke MpeoMImIONIEH TPaHHLsl CKOPOCTb Vy OCTAETCA Mo-
CTOSIHHOI TO Jy4 pedyparupoBaHHOIT BOHBI Mafas Ha 3Ty FPAHUI MO KPUTHYE-
CKHM YTJIOM MPETOMHTCA U HAYHET BIOJb MPETOMIAIOIIEH IPaHHLIbl B NOACTH-
naroleii cpesie co CKOPOCTBIO Vr. DTo BOMHA B KakI0ii TOuKe KOTOPOil OHa
0CTHI I, NOPOKIAET APYIYEO MPENOMIEHHYIO BOTHY — FOTOBHYEO pecparupo-
BaHHYHO (TydH 3TOii BOTHEI HMEIOT KPHBOTHHEIHYIO (OpMY).

Tozorpad ronoBHol pedpariposaHHoii BOTHEI ABIAETCH OTPEIKOM MPAMOIE
JMHUH 1 OMHCHIBAETCA YPABHEHHEM

29
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B Citly FOPHIOHTATBHOCTH MpeloMIsiolei [PaHHlbl CKOPOCT pacripo-
CTpaHeHHA T070BHOI pe(hparnpoBaHHOii BOMHBI BIOTH 3eMHOi MOBEPXHOCTH
(KaKyIIAsCA CKOPOCTb Vi) — PaBHA CKOPOCTH Vr, € KOTOPOIi IPElIOMISHHas BOTI-
Ha CKOIIB3UT BIOMb MPENoMIsiouIeil rpaHilsl Vg - v CllefoBartensHO Mo Ha-
K7I0HY rozorpatha FOMOBHOI peparipoBaHHOI BOTHEI MOKHO ONPeETHTh vy
TIpu BEIMOTHEHNN MOTIEBLIX HABTIOTERMT HCTIOB3YETCA CTIOCOD TIEPBBIX BCTYTI-
TeHuii, Ipu KOTOPOM PErHCTPUPYHOTCS BCTYMIEHMS ABYX BOTH — MPAMOii ped-
ParupoBaHHOIi 1 FOIOBHOIH pehparkpoBaHHOIi.

HHTeprpeTanis roorpadoB pedparipoBaHHEIX BOH 3AKTIOUAETCA B ONpE-
JeeHHH 3aKOHa H3MEHEHUs CKOPOCTH C TyOHHOI i TIyGHHBI 3aleranus npe-
nomAsioweli rpanniel. 175 HHTEPNPETALIH HCTIONb3yeTCs IMIHPHIECKi crio-
co6 Konaparsesa. CyTh JaHHOTO criocoda CBOAMTCS K TOMY 4TO, Ha rogorpacde
NpAMOii pepparnpoBaHHOIi BOMHBI BLIGUPAETCA HECKOTBKO (10 5) TOeK 7, 73,
¢ abeumccam Xy, s, ... B K&K IO/ M3 KOTOPIX POBOTNTCA KACATETHHAR, 10 Tle-
PECEUEHUIO KACATEbHBIX C OCIO BPEMEHH [ ONPEleNieTcs  Ioy, Iy, ..., a 110 Ha-
KIOHY KaCaTelbHBIX — Ka)yILINEcs CKOPOCTH Vi, V..., PABHBIE CKOPOCTAM v(h)
B rpaTueHTHoIl cpene Ha riy6usax Ay, hs, ...h. [lns onpenenexus ray6us H co-
OTBETCTBYIOUIMX TOYKaM rogorpada 7y, 2,,... ¢ aCUUCCaMHU XJ, X2, ... HCTIOMB3Y-
eTcs hopmyna fg:

1,7(h)

H

Jlns onpeneneHus r1yGHHbI 3aTeraHns NPETOMIAIOMIEl IPAHNIBI J0CTATO4-
HO OMpeenuTh rybuHy 4 115 mocnenHeit Touku rogorpata npsamoii pedparn-
POBaHHOIT BOTHEI (TOUKA COOTBETCTBYET BLIXOY BOTHE KOCHYBIIEHCS MPeloM-
Asmoweli rpaHLb).

Vnpyrue cBoiCTBa rOpHBIX MOPOX XapakTepPH3YIOTCA YNPYTHMH TOCTOSH-
sonvn: 1) w00yzent FOnza E, KoTophiii MpeIcTaBiseT co6oit koadhumeHT npo-
TIOPUHMOHATBHOCTH MEXIy MPHIOKEHHOH CHIOH Ha eauHuuy miowamm F, u
BosHnKeli Zeopmaueii, T. e. F, = E&  XapakTepH3yeT CONpOTHBIEHHE rop-
HO¥i TIOPOIBI PACTAKEHNIO 1N CHATHIO; 2) Ko3dquyuenmont [lyaccona i, xo-
TopBIii ONpeeNAeTCH Kak OTHOLIEHHE NONepedHoii AeopMaLuK K NPOI0TBHOI,
.. 1=¢,/6; 3) CKOPOCTBHO PACTIPOCTPAHEHNA POOTEHEIX Vp 1 TIOMEPEUHBIX Vs



[image: image41.png]BOTH.

Vnpyrue napaMeTpel NOpPOI MOKHO M3MEPHTb ABYMsS METOJAaMH: CTaTHYe-
CcKHMH 1 auHaMiueckivu. CTaTHueckuii METOX OCHOBaH Ha H3MepeHuH aedop-
Mauuii 1 CTaTHYeCKHX HanpskeHnii. JUHAMIMECKnii METO OCHOBaH Ha H3yue-
HHH PaCIIPOCTPaHEHNs YIPYTHX BOH B HCCIEIyeMbIX BELIECTBAX.

U3vepeniie ckopocTeii CelicMHECKHX BOTH Ha 0Gpa3lax MOKeT GbITb Bbi-
OTHEHO N0 MemoolKe npoGUAUPOSAHIA UL N0 MEMOOUKE NPOCRENUEAHIA.

CyuHocTs MeTomukH npodiiposaniis (Pic. 14) cBOMNTEA K CreayiomeMmy;
Ha MOATOTOBIEHHOM K HMCCIeI0BaHNAM 00paslie pa3mMedaeTcs MHHUA HaOmode-
wuil # BIOTH Hee uepe3 MOCTOsHHbI HHTepBan (1-2cM) HaHocsT Metk. Ipu
M3MEPEHHAX M3TyyaTelb PacroNaraeTcsi HENoABUKHO HAa OZHOM KOHIE THHHH
HaOMOIeH i, @ MPHEMHHNK MOC/IeI0BaTelbHO NepeMellaeTcs B KakIyk H3 pas-
MEUEHHBIX TOUEK.

KEPH

R
[g]- s v

PrcyHox 54 VasTpaseykosoe npodiIHposatue: a— cxeva pador, &~ rozorpadsl
celicmueckwx 3074 P 1 S

OnpezensioTcs, BpeMeHa NMepBbIX BCTYTIEHMIl YNPYTHX BOTH M MO HIM
ctponTtest rogorpacd. [I1s OTHOPOIHOI Cpelbl ypaBHEeHHE roforpada HMeeT BHI

X
numeiisoit 3asncumoctu [(X) = - Tpaghuc 3Toii 3asucusiocTn sBazerca nps-

Moii nHmeii. TaHTeHC yria HAKIOHA roforpadha OnpefenseT cKopocTb pacrpo-
CTpaHeHs BoNHbI B 0Opasue. Ha mpakTike, 3a cueT morpewHocTeii 8 navepe-
HHM 7 , 32 CYeT HEOTHOPOIHOCTH CPEfIbl H APYTHX MPUUMH, TOUKH Ha rpaduke
OTYHAIOTCA C HEKOTOPLIM Pa3dpocoM. [IPOBOIA Yepes 3TH TOUKH HAWTYULIHM
0BPa3OM COBNATAIONIYIO C HUMH MPAMYIO UHMIO, NOAyualT rotorpad. /s
onpefeNeHus CKOPOCTH Mo rogorpady GepyT MpoH3BONbHOE MPHpALIEHHe KO-
OpIMHATBI TOYKH MpHEMa Ax M ONpelensioT COOTBETCTBYOLIEE 3TOMY MpHpa-
LiieHIio npupatiienue Ar. 3HaueHue CKOPOCTH PACCUHTHIBACTCA 110 GOPMYTE
Ax

y=—
At”
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[image: image42.png]MeToanKa NpOCBEUMBAHIA MO3BOMAET W3MEPATH CKOPOCTH MPOIOTBHEIX, &
DU HATHYNH CMEUMATHHBIX ATIHKOB TIOMEPEUHEIX KOTEOHNIT - 1 CKOPOCTH
caBnroserx BomH. [Ipy MPOCBEMMBAHMN UTHHIPHUECKHX 0BPA3LOB-KEPHOB,
0TOBPaHHBIX W3 CKBAKHH, TaTYHK M MPHEMHHK PACTMIONAralT Ha MPOTHBOMO-
NOKHBIX CTOPOHaX KepHa - MO AuameTpy umum ocu. Ilpn HabmomeHmax
JOTKHBI BBIMONHATECS cleaykoune TpeGosannsa: 1) o0pasusl JOMKHBI
HMeTb POBHbIE MapaiienbHble APYT APYTY MOBEPXHOCTH; 2) AATYHKH TOTKHBI
TIPUKIaAbIBATECSA CTPOTO HAMPOTHB, YTOOBI OCh OJHOTO ABMSNACH MPOIOIKE-
HHEM OCH APYroro; 3) BCTYM/IEHHE UMIYIbCA AOIKHO OBITh YETKHM, T. €.
MOMEHT TNpPHXO07a BOMHBI JOTKEH OTMEYaThCA PE3KHUM cpeiBoM. B pesymbTate
H3MepeHHuii M0 METOMHKe MPOCBEUHBAHIA MONYYAKT BPEeMs ! MPOXOKICHHS
curHana yepes obpasen u JuHy obpasua s. Cuntas, 4To 00pasen OTHOPOIEH,
MOSKHO OMpPeIeTHTh CKOPOCTh PACMPOCTPaHEHHs yNPYTHx KoebaHuii B 00pa3-

Tocrie TOro Kak MpoBeXeHsI HCCIEIOBAHNA Ha 0Opa3Le i ONpeeneHsl CKO-
POCTH PaCcNIpPOCTPaHEHUs B HEM MPOJOIBHBIX Vp 1 MONEPEUHBIX BOTH Vs, @ Tak-
e MIOTHOCTH & pacCUNTEIBAIOT MOIyh FOHra 1 KospuumenT [yaccona mo
hopyay

Vi —2v;
2v;-v5)”

Koachmument Tyaccona — Benuuna Gespasmepsas, Moayas FOura mpu-
HATO BBIPAKAT B K2-C/CM’.

Cratueckie Moy ynpyrocti Es, ONpeleleHHbe CTATHYECKHM METOTOM
OTINYAIOTCA M0 3HAYEHNAM OT AMHAMINMECKUX MOTymeii £p. O6brno Ep> Es, a
Pa3sHHUA MEXIY HHMH BAPbHPYET B MPEIeaX MepBIX AECATKOB MPOLEHTOB NpH
M3MEPEeHHsAX Ha 00pa3uax H AecATKOB M ke COTEH MPOLEHTOB MPH H3MePeH:-
AX B ECTECTBEHHBIX YCIIOBHAX.

u= E, =2vio(l-u)

Bonpoch! U1 CaMOKOHTPOS

1 Kakile BOTHA! HA3LIBAIOT pehparnpoBaHHEIMH?

2 Yto npencTaBnseT coGoii HEOAHOPOIHAA M IPaaMeHTHas cpelsl?

3 Kak pacrnpocTpaHsoTCs ynpyrie BOIHbI B rpalieHTHOl cpene?

4 Kakoii BuI MMeroT rogorpadsl mpsAMoit 1 ronoBHOI pedparnpoBaHHBIX
BOMH?

6 B ueMm COCTONT CyTh WHTEpMpETAaHi ro1orpadoB pedparMpoBaHHBIX
BoH criocoGom Korapatbesa?

7 Uro xapaxTepisyer Moayh FOHra i kosddumment [yaccona?

§ Kakie Bbl 3HaeTe OCHOBHbIE THMBI ynpyrix BonH? C Kakuwut dedopya-
LHMAMH OHH CBS3aHbI?
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[image: image43.png]9 B uem cyTh METOAMKH NMPOCBEYHBAHHA?
10 B uem cyTs MeTonki npodunposasis?

IaGopatopras padora |
«MHTepnpeTauns ro10rpados pedpParnpoBAHHLIX BOTHY

Llean paGoThi: NpHOBETeHile HABLIKOB MHTEPNPETALIH roI0rpadoB ped-
ParupoBaHHLIX BOMTH MPH PEIIEHHH 3a1ay MHKEHEPHOH reoloruu H ruaporeo-
norum.

Marepuassl i 050pYI0BaHIE: MILTHMETPOBAS GyMara, KaTbKyATop.

3ananue

IMo 3anaHHeIM MapameTpam cpemsl (Tabmuue 22) paccunTars rogorpad nps-
MOii pedyparinpoBaHHOI BONHBI (X) I 3aTeM, IPOMHTEPNPETHPOBAR €ro mpocie-
HTh Kak H3MEHACTCA CKOPOCTS C Ly GHHOIH CelicMIHecKiX BOH ¢ FyGHHO.

Xoz padorst

1 PaccuntaTs roziorpach npsivoii pedparinpoanHoii BomHb.
2 Toctponts rogorpad npamoii pedparnposanHoii BomHel 7(x). IocTpoe-
HIS BEITIOTHATS Ha MILLTHMETPOBKE, MACLITAD BEIGPATE CAMOCTOATENLHO.
3 BhinoHHTS uHTepnpeTaiiio roforpaba pehparuposaHHoii BOTHHI Crio-
cobom Kowapartsesa.
4 ToctponTs rpadmk m3venenns ckopoctu v(h) ¢ rmybuHoli ¥ no Hemy
OMpeseTh OTHOCHTENbHbII BEpTHKATBHBII PaIueHT .
5 PeaymsTaThl OhOPMIITS B BHIE MOSCHHTENBHOM 3AMHCKH C MPHIOKEHHEM
paduuecKIX MaTepHATOB.
Tabmuua 22. BapuauTs! 3aganuit
Bapuanr | 1 | 2 [ 3 [ 4 [ 5 [ 6 [ 7 [ 8o [10 1]
v Us [ 0.0 | 0.0 [ 0.0 [ 01 [ 011 | 011 [ 001 [ 011011 ] 0.12]012]0.12
v.awe | 1000 | 1200 | 1300 | 1400 | 1100 | 1200 | 1300 | 1400 | 1100 | 1200 | 1300 | 1400

JlaBopatopHas pasota 2
«OnpefeteHHe yNpYTiX NAPaMETPOB Ha 0GPAIAX FOPHBIX MOPOT»

Lleb paBoOTBI: 03HAKOMTEHIE C CelicMOAKYCTHYECKHMH METOIaMH Ofpese-
senns moayns HOmra n xodduunenTa [lyaccona Ha 06pA3Uax FOPHEIX MO~
poa.

MaTepuat u 050pY0BAHNE: MILLTHMETPOBAs GyMara, KaTbKy1ATOp

E
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To AaHHBIM YTETPa3BYKOBBIX H3MEPEHNIi ONPEACTNTS YTIPYTHE XapakTepi-
CTHKH Tpex 0Gpa3LoB rOpHEIX MOPOA. [laHHble M3MEpCHHii MPEACTABICHEI B
Tabnnue 23.

TaGauua 23.
- ormocrs | Tum Bpests epasix BCTYIIGHIH BOTH B MKCek Tpit
Bap. | Tlopoza T o paccTosHuaX veay npuGopa & i
2[4l 6 s[012] 14] 16] 18] 20
P 1317 [20]24 (2833 37 ] 40| 44~
BecTsK 26 s [22(30]3845[sa]61] 68] 77] 85
| P | 9[18]26[34[43[51] 59| 67] 76| 85
necuanik 255 S [11]27]43 617590106122 [139]155
P 6] 9[13]16[20] 23] 26| 30| 33
awabas 29 s 13202634 (39| 47| 53] 60] 66
P 8[12[15[18]22[27] 30] 33] 37] 40
BecTsK 265 s [iafoi[o7[34 a1 46 56] 62] 69] 75
5 P 1120(29]38 46 (55 63| 74| 83[ 2
necuanik 26 S [23]37[50[63[77]83] 96109 [113]126
P Sl i3 [16]2r[23] 28] 31 35] 39
awabas 295 s 17]23 (3138 (45| 53| 60| 68| 74
P [12]16]20[23[29[32] 36| 40| 43] 48
3secTHsK 27 S [22]29[37[45[52[63] 69 74| 82| %9
5 P 8[13]18[25[30(36] 42 49| 54| 59
necuanik 2,65 s [15[27]39[42]s3 64| 75] 88| 99109
P 6] 6121519 21] 24 28] 31
awabas 3 s 12|18 [25[31[37] 44| 50| 56| 63
P 8 [12[15[20[24]27] 32 36| 40| 44
BecTsK 275 S [14]22]30([37 (4442 49] 57] 64| 71
A P [ 7[12]16]21 2430 35] 39| 44| 48
necuanik 27 S [15(23[31[38]46(53] 60| 69| 75| 83
P s {3[17]21] 23] 27] 30] 33
awabas 305 5 15022 [27 (35 41| 49| 55| e2] 68
P | 7| [14]18]22]25] 20 33| 36] 80
BecTsK 265 S [13]20]26[33[40[47] 54| 62| 68] 74
5 P 7[16]23[31[39[48] 56| 65| 74| 82
necuanik 275 S [13]28[35[49[65[80] 7] 112[126
P 6] o3[ 16[20] 23 26| 30| 33
awabas 31 5 13]20]26[34 (39 a7] 53 60] 66
Xon paGoTst

1 TloCTPONTS rOAOTPade MPOTOMBHEIX 1 MONEPSUHBIX CEfICMINCCKHX BOTH
17 Pa3HBIX TOPHBIX 10O, [I0CTPOGHIIA BEIOTHATS Ha MILTHMETPOBOH Gy Ma-
re.
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[image: image45.png]2 Io nocTpoeHHbIM roforpacdaM MPOIOTbHBIX U MOMEPEUHbIX BOIH Onpee-
TIHTB CKOPOCTH Vp H Vs [T KaKI0r0 00pasiia noposl.

3 Tlo noyueHHBIM 3HaYEHHAM CKOPOCTeii PACIPOCTPAHEHHs YIPYTHX BOTH
paccuMTaTh AN KakIOro 00pasia ropHoil Moposl ynpyrue napaMeTps — Ti-
Hamueckuii Moy b ynpyroct (Moayms FOura) E i kosdduuient [yaccona
A

4 PesynsTaTsl OpOPMHTS B BiiIe MOSCHHTENBHOI 3AMHCKH C MPUIOKEHHEM
padUUEcKIX MaTepHATOB.
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[image: image46.png]Tema 5 O0patoTka AAHHBIX CKBAKHHHBIX CEHICMITECKIX I
e0aKyCTHHECKNX HABTIORCHE

KOMBUHHPOBaHHEIE CeficMUYeCKle HCCTeTOBAHIIA.
2 Tpavas u 0GpaTHa% 331a4a KOMOWHHPOBAHHBIX CEiCMUMECKHX HCCTe-
JoBaHHUii.

MeToauka ceficMHYECKOro MpOCBEYHBAHHUA.

4 Pewenite npsmoii 1 0GpaTHOI 3a/1auH CiCMIMECKOrO POCBEUHBAHIIA.

w

‘OcHOBHbIE TIOHATHS 110 TeMe

CxBaKMHHBIC CeficMUYeCKHe MCCIeI0BAHHSA BKIIOWAKOT B ceds MpoIonbHOE
ceficMutecKoe MPOGUIMPOBAHIE, KOMOUHHPOBAHHBIE CeficMHMeCKHe HCCIEI0Ba-
HIA U ceficMIEcKOe MPOCBeUNBaHe.

KombnunpoBanHbie ceficMuieckie HabmoaeHNs MPUMEHSIOT 11 IeTaTbHOrO
W3YHEHHs CKOPOCTHOTO CTPOGHHS CPElbl 1 MPOBOLATCS MPH HATHUHH OIHHOU-
HBIX cKBakuH. HaGMioleHns BEINOMHAIOT MO cuCTeMe, cocToseli 13 ceficMo-
NIPUEMHUKOB, PACTIONOKEHHBIX B CKBAKMHE W HCTOMHHKOB, HAXOJALNIXCH Ha
ueBHOI nosepxHocTH (Puc. 15).Bpems npuxoaa npoXoasmumx BOMH AMs OA-
HOPOIHOIT CPe/Ibl HMEIOIINX CKOPOCTE V; MOKHO OMpeaennTs no hopmyne

XM

by
PrcyHox 1§ CXewa nposeTesis KoMGHHHPOBaHHLIX celicuHueck X HabToTenwl

X +h
Y

Jlns celicMUHECKIX BOH, KOTOPBIC MPOXOAAT H€pe3 MPETOMIAIOUICO

1(x,h)



[image: image47.png]TpaHuIly, BpeMs MPHX0J1a onpeaensercs no gopmyne
K (h=h)  (h—hy)

v,cosa  v,cosa’

1(x,h)

Y

rae tgar = x/h, hp- - Ay6UHA 3aneraHiA NpeTOMIAIONIEH [PAHULIL.

Ipn HabmoOIEeHNAX MOMYHaT COBOKYNHOCTb BPEMEH MPHUXOJA BOMH K
ceficMONpHEMHUKAM PACTIONOKEHHEIX B CKBAKNHE Ha raydnue hy, Ay, ..., h,
n3 TIB pacnoNloeHHBIX Ha MOBEPXHOCTH B TOUKAX X;, Xs., X, COBOKYM-
HOCTb BpEMeH NepBLIX BCTYMIEHHi £(X; /1) MOKET GbITh NpeicTaBleHa B BU-
1e 0BBIYHBIX THHEIHBIX roforpados 7(x)- mapameTp h; HIH BePTHKANbHBIX
1(h)-napametp x.

BepTukaisHbie ro1orpads 06bMHO U30BPAKAITCA Ha OIHOI MiOC-
KocTu (1,h), npn x = const (Puc.16). TTo MHOXKECTBY BEPTUKANBHEIX [O-
norpadoB OmMpexensOT XapaKTep M3MEHEHHs CKOPOCTH C rayOuHoOil u

0 oo 4 be

Iﬁ 0 0 2 w0 m
10

2

3

4

L k

PrcyHOK 16 BepTuKatsHble TOTOTpAQSI TIOTYEHHSE 10 1aHHAIN KOMOHHHPOBAHHSIX celicrive-
cxux HaGTHOTeHMH

81076 mpoduns. Hanpumep, Ami rpaaieHTHOl cpelibl XapaKTepHO cMelie-
Hue MUHUMYMa rpaduKa I(z) Npu yBeluueHmn X. B clyuae ke peskoii rpani-
bl (yBe/HuEHHE CKOPOCTH) MOMOKEHHE MUHHMYMa MOCTOSHHO H COOTBETCT-
ByeT FTyGHHE 3a7eraHNs MPETOMIAIOIIEH NOBEPXHOCTH.

JluneiiHsle romorpadsl HCMOMB3YIOT MI OMpPEdeNeHns CKOPOCTH pacrpo-
CTpaHeHUS CelicMIUMECKIX BOTH Ha PA3HBIX LIYOHHAX.

Ecnn m306pasuTh COBOKYMHOCTB f(x; k) Ha mnockoctu (x,h) onpezenns
TpH 3TOM ANs Kak1oil ToukM (XA, 3HadeHne BpeMeHH I(x; /), TO MOmyduMm
noste n3oxpos (Puc 17). Ilo XapakTepy H30XPOH 1eTai0TCA BHIBOTLI O CTPOE-
HuH cpedsl. [1o CryleHni0 H30XPOH ONMpelensAioT 30Hbl YMEHbIIEHHS CKO-
POCTH, MO Pa3peKeHHI0 H30XPOH OMPelensioT YHaCTKH YBETHUEHHS CKOPO-
cTu.
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[image: image48.png]60 & 0654
LON i

Pucynok 17 TIone peses MOCTPOEKHOE 110 TAHHEIN KOMGHHHPOBEHHSIX CefiewitieckiX HaSrotenui

CelicMuuecKoe NPOCBedHBaKIE PHMEHSIOT VIS U3yHeHHs CBOMCTB 1 CO-
CTOSHHS KPYMHBIX GI0KOB MOPOLI Haxoasueiics B maccuse. [1pi nposeneHun
ceficMITYecKoro MpocBewHBaHMs HEOOXOANMO Haluyue ABYX WM Gonee ckea-
suH. Koraa umerotcs aBe CKBaKHHBI, TO B OJHOH M3 HHX Pa3MeIIAOTCA HC-
TOYHHKH CeHICMHYECKHX BOJH, B APYTOil MpHeMHUKH. MeTonuka HabmoneHuit
CBOIHMTCA K PETHCTPALMH BPEMEH MPHXOAa CefiCMHYECKUX BOMH MpPOLIEUINX
OnpeeleHHYI0 YaCcTh MAaCCHBA «Ha POCBET» OT NCTOYHHKA 10 NIPHEMHUKA.

PasmuualoT ceficMiuecKoe NPOCBEUHBAHNE HA MApalelbHBIX Tydax U Ha
NepeceKaoLXCs Tydax.

M3MepeHns Ha NapatIebHLIX AY4aX BEIIOTHATCA TOTLKO B ABYX 6113
KOPACTONOKEHHBIX NPUMEPHO MapallelbHbIX CKBAKMHAX N FOPHBIX BBIPA-
GoTkax, a Takie FOPHIX BEIPABOTKAX PACTOTIOKEHHBIX MO MPAMBIM YIIOM
apyr k apyry. Ipu usmepennsax [1B i ceficMonpueMHIK mepememmanTcs
OIHOBPEMEHHO KakIblil BIOMb CBOEH BLIPaOOTKH B OQHOM HamMpaBleHHH U C
pasisM warom (puc. 18). [anubiii BIA IPOCBeYHBAHIS XapaKTePHIyeT H3-
MeHeHHe CBOJCTB MOpOobl OT TOYKH K TOUKE A48 OJHOTO  HampaBIeHHs.
BusiHue aHU30TPONMH Ha Pe3yIbTaThl HAGMIOIEHI HCKTIOUEHO.

Tpi BINOHEHMH HAGOACHHIT IO METOiKe MepeceKaiownXcs Tydeii [B
HEMOJBIKEH M HAaXOIMTCA HAa HEKOTOPOM PAacCTOSHHM OT MOBEPXHOCTH, a
CelicMONpPHEMHIK NepeMeliaeTcsi 0 NPOTHBOMIONOKHON CKBAKHHE MO BO3-
MOKHOCTH Jaflblie OT HCTOYHHKOB MeXaHH4Yecknx momex. 3atem [1B mepeme-
IIaeTCs Ha HEKOTOPOE PACCTOSHME B CKBAKMHE, M NMPOLECC H3MEPEHHS NOBTO-
paetes (puc. 19).
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PrcyHOK 18 CelicMHUECKoe MPOCBEUHBANME Ha MEPATTETHHAIX TyUaX
2B M2DATIETEHEIX WITOTBHAX. § — 8 GTIOKE HMEROLIEN VITIOBVHO TOUKY

Ipocreiiwas 06paboTka 3akmo4aercss B pacyeTe aAns Kaxzgoro [1B mo-
JSAPHBIX IMArpaMM CKOPOCTH (MHIMKATPUC) U3 MPEATNONOKEHUS O NPAMOTH-
HeifHOM PacTIpOCTPaHEHHH PerHCTPHPYeMOii MOMHBI OT HCTOUHMKA 0 MPUEM-
HUKa

TIIe V; - CKOPOCTb YIPYTHX BOJH BOMb i-T0 Jy4a, /;— i-5 6a3a NpoCBeuNBaHUS, I;
— BpeMs MPHXOJa BOMHBI BIOMb i-ro iyya. B ciyuae npocseunsanus Ha mapan-

A—1B Y—cn

PucyHoK 19 Cxeva pagoT pi CeHiCMHUECKON NPOCBEUHBAHHH Ha TIEPECEKAOMIIXER T
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[image: image50.png]JeBHBIX TyHaX MOTYHAIOT TPAGHK M3MEHEHHA CKOPOCTH MEXIY FOPHBIMH Bhl-
paGoTkau.

MaTepuans! CeficMHYeCKOro MPOCBEUNBAHUS MOTYT GbITh HCTIOTB30BAHBI
Y H3Y9EHHH CKOPOCTHOTO CTPOEHNS 6710KOB, OLEHKE AHN3OTPOMHOCTH MO~
OB MO CKOPOCTAM, OlleHKe TPELIMHOBATOCTH BHYTPH H3Y4aeMoro 6:10Ka, a
Tak:Ke U5 BbIAENEeHNs B MPOCTPAHCTBE 0CNa0NEeHHbIX y4aCTKOB MOPOIbL.

Jlns peuuienns npsMoii 3aauit CelicMIHECKOro MPOCBENHBAHNS HEOGXOTIMO
3HaTh (HOPMy HEOTHOPOIHOCTH, PACTIONOKEHHO MEKIY CKBaKHHAMH, MOTOKE-
HHUE HCTOUHHKOB i IPHEMHHKOB B CKBA/KHHAX I 3HAYEHNS CKOPOCTeii B Cpezie v;
¥ B HEOJHOPOIHOCTH V,. [Ins ceficMMYecKHX Jyueil, KOTOpble MeprneHIuKyIsp-
bl ocaM ckBakuH (Pic. 20), BpeMs NPOXOKICHIA CeficMIuecKoii BOHBI pac-
CUMTBIBAETCA IO hopMYTaM:

=
)
vy

®opwmyna (1) ucnonesyetcss A Tyyeid, He MPOXOAALUIMX YePe3 HEOTHOPOI-
HOCTB, (hopMy1a (2) — A1 Tyeii, TPOXOIALINX Yepe3 HEOTHOPOIHOCTE.

Vi

PicyHOK 20 CxeMa 174 pACUETOB Mpi pelexi MPANOH 327244 CellCHHUECKOTO MPOCBETHBARHS

Jlns Beex ocTanbHbix Myueii (paektopis /AC /) cripaseanussl crenyouie
BbipaKeHNA:

ay=h _hy—h
x -

ga

Clle0BaTeNbHO,
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Taxun 06pasoM, HCTIONE3YH COOTBETCTBYIOMINE GOPMYTE MOKHO MOTYIHTS
BpeMeHa PerucTpaLii NPOXOISIINX BOIH s T060ro ceficMuueckoro ayya.

Bonpoch! U1 CaMOKOHTPOS

1 B 4em CyTb KOMOMHHPOBAHHBIX CelicMUUECKHX HABMIOIHNIH?
2 Uro Takoe BepTHKATbHBII roz0rpach?

3 Kakrie BBIBOZIBI MOKHO CII€/1aTh, aHATH3NPYS 0716 H30XPOH?

4 KaKoBa CyIIHOCT MeTOMa CeficMUHecKoro npocseisans?

5 KakoB BHI MHIMKATPHCBI CKOPOCTEl 1715 OAHOPOIHOTO MAaccHBa TOPHBIX

nopox?
6 Kak Ha HHIMKATpHCAX CKOPOCTeii BBIAENAIOTCA HEONHOPOIHOCTH MacCHBA

TOpHBIX nopoa?

IaGopatopras padora |
«O0patoTKa Pe3y.ILTATOB KOMOHHIPOBAHHBIX CEHCMIMECKIX

HabaoaeHui»

Lleas padoThI: MPHOGPETCHNE HABBIKOB HHTEPNPETALINI AAHHBIX KOMOHHII-
POBAHHBIX CeHCMIHECKIIX HAOMOCHH.
MaTepnas! i 000pyA0BAHIE: MITLTHMETPOBAR GyMara, KaTbKyIATOp.

3ananue

s 3anamsofi Mozenn cpeas (Tabmiua 24) peliiTs IpAMyIo H 0GpaTHyi0
3a7a4y KOMOHHIPOBAHHBIX CEfiCMUYECKHX HCCIE10BaHHil.
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1 PaccunTaTh COBOKYIHOCTb BpeMeH 1 (X, h).

2 cron3ys noftydeHHble JaHHble OCTPOHTS M0Te BpEMeH NMPOXOAIINX
BOTH M ClenaTh BBIBOTBI O TOM, Kak MPOABISETCH CeficMitieckas rpaHuua Ha
rore BpeMeH.

3 TocTpouTs TnHeiiHble rOTOrPadbl A% MEPBOTO M MOCTEHEr0 NpHEMHH-
Ka.

4 Tlo nuHeiiHbIM ro0rpadhav oNpesenTL CKOPOCTH CefiCMIHECKHX BOTH.

5 TloCTPONTS BepTHKATLHEIE TOTOTpatE! 1 ONPETETAIOT XapaKkTep H3Me-
HeHIs CKOPOCTH C FMyGuHOI 1 BI0TE MPOdUA.
6 PesynnTarei oOPMHTE B BiTe MOACHHTENLHOI 3AMHCKH C MPHIOKEHHEM
IpagecKiIX MaTepHaTos.
‘Tabnua 24. BapuanTs! 3aanis
Ne [ v, | v |Kosso| Koi-po | Paccrosune | Paccrommme | ,
Bap-ta | wee | we | Cll 1B |mexay CIL a | vexay 1B, a| "7
I [s00 [1s00 ] s s 3 4 10
2 | 600 | 2000 | 6 4 2 3 B
3 [ 700 [ 1800 | 7 4 3 5 15
4 [ 800 | 2500 | 4 s 4 2 20
5[ 900 | 1400 | 5 5 3 4 14
6 [1000 | 600 | 7 4 3 5 15
7 [1500] 500 | 8 5 3 3 18
8 [1800] 400 | 6 4 3 5 12
9 [2000 | 800 | 5 5 3 3 10
102500 000 | 4 6 3 4 B
1 [ 2800 500 | 90 7 3 9 20
2 [3000] 700 | 6 4 4 7 8

IaGopatopras padora 2
«OBpatoTKa Pe3y.ILTATOB CEliCMUMECKOT0 MPOCBEMBARNS HA
NePeCeRAIOMINXC TyHax»

Lleas padoTsI: MPHOGPETCHHE HABBIKOB HHTCPNIPETALHN AaHHBIX  CeHiCMI-
HECKOro MPOCBEMHBAHNA.
MaTepuas! i 000pyA0BAHIE: MILTHMETPOBAR GYMara, KaTbKyIATOP.

3ananue

PewnT mpaMyio i OGPaTHYIO 3a7ady CeficMIMECKOro MPOCBEHHBAHNS ATA
3azanHoii Moz cpeast (Tabanua 25). Tph pewernH npavoii 3atawi CunTaTs,
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[image: image53.png]TO MePBbIii HCTOSHNK i MPHEMHIK PACTIOIOAEHB! Ha THHNH AHEBHO! MIOBEPX-
HOCTH, HEOJHOPOAHOCTS UMEET B Pa3pesc (OPMY MPAMOYTOTBHNKE, [IyGHHEI
ckBaAnH — 120 M, War MeALy HCTOSHIKaMH — 40 M, MEKIY NPHEMHHKaMH —
10 M.

Xoz padorst

| Ha MUZINMETPOBKE HGpHCOBATh CXGMy MPOBEACHHSA PaboT AT KakAOTO
NyHKTa BO3GYAICHNA.

2 [l1s 3a1aHHOii MOZEAN PACCHHTATh BPEMS MPHXOAA MPOXOAALINX BOTH OT
KaA0r0 HCTONHIKA.

3 PaccunTaTh CKOPOCTH CEliCMINECKHX BOTH OT K&KAOTO HCTOWHWKA X0
NIPHEMHIKOB CelCMIUHECKIIX BOH.

4 Pe3syIbTaThl pacteToB NPEACTABHTS B BHIC TAOIHLE!

Neuem. 11K« Lc vl

5 Ha cxeme paboT MOCTPONTE MRMKATPHCEI CKopocTeii. Macwra mo-
CTPOGHNS BIGPATH CaMOCTOATETBHO.

6 TlpoaHaTH3NpoBaTs MOCTPOCHHBIC HHMKATPHCEI CKOPOCTEH M CASTaTh
BBIBOZEI O TOM, KaK OTP@KACTCA HCOTHOPOHOCTb, PACTIONOKCHHAA B MACCHBE
Ha MHINKATPHCaX.

Tabnnua 25 BapiaTe! 3a1anus

Ne Lu dm as m ax m Vi, Me. va, M.
1 100 30 0 30 1000 4000
2 100 30 11 40 4000 1000
3 80 20 0 80 500 3000
4 80 20 10 100 3000 500
5 80 20 20 60 800 2000
6 90 50 0 100 1500 4500
7 90 40 15 60 700 2000
8 150 60 30 80 600 4000
9 150 70 30 100 2000 5000
10 200 20 30 70 4000 5000
11 250 100 40 90 400 2800
12 150 10 60 100 2500 4500
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BepyTtun Muxaua FpuropneBuy
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