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PaccMoTpeHO 3HaueHME TPEIIMHOBATOCTA B TOPHOM JIeJIe U
Ie0JOTUH, H3JI0KEHBI JAaHHBIE O MPOUCXOXKICHUU M KiaccubUKaIUU
TpenH. JlaHa MeToaWKa CTaTUCTHYECKOM O0OpaOOTKH pe3yJbTaToB
3aMEpOB TpemMnHOBATOCTH. [lokazaHa MmocCiIeq0BaTEILHOCTh BBHIOJTHECHUS
paloThl, IpUMEP aHAIM3a U ONKUCAHUS TTOJYYSHHOM JuarpaMmel.

[IpeqHazHayeHbl I CTYJACHTOB TOPHBIX H  CTPOUTEIBHBIX
CIIEIIMAILHOCTEMN.



BBenenue

Pa3Butrie TOPHO-IPOMBIIUIEHHOTO KOMIUIEKCA HEBO3MOXHO 0€3
BCECTOPOHHETO U3YUYCHUS U yUETa I'€0JIOTUUECKUX YCIOBUU TTPU OTKPBITON
U TIOJ3€MHON pa3pabOTKE MECTOPOXKIECHUM MOJIE3HBIX MCKOMAEMBbIX, TPU
OLICHKE YYacCTKOB TOJ3E€MHOI0 CTPOUTENLCTBA, MpPHU BEIACHUU Oypo-
B3pPBIBHBIX PaOOT U T.A.

Cpenu reoJIorH4ecKux yCIOBUM OJHO M3 HanboJee BaXKHBIX MECT 3a-
HUMAET TPEUIMHOBATOCTh TOPHBIX MTOPO/I.

N3yueHne TpenmmHOBATOCTH TOPHBIX IOPOJ HE NPETYCMOTPEHO
y4eOHOM mMporpaMMoOil B KadyeCTBE CaMOCTOATEIbHOU J1abopaTopHOU
pabotbl. [lonmyuyeHHbIE TEOPETUYECKHE 3HAHUS MO TPEUIMHOBATOCTU
TOPHBIX TOPOJ CTYAEHTHI TOPHBIX CHEIUAIBHOCTEN 3aKPEILISIIOT TpHU
MPOXOXKICHUHN YICOHON Ie0JI0THIECKON MPAKTHKH, TJI€ OJJHUM M3 3aJIaHHI
ABJISICTCSI WU3YUYECHUE W XapaKTEPUCTHKA TPEIIMHOBATOCTH KOHKPETHOTO
oOHaxeHusl. B TeopeTHYecKuX MOJIOKEHUSIX PaOOThI U3JI0KEHBI JaHHBIE,
Kacaroumecs MPOUCXOXKACHUS, KilacCU(UKAUU W 3HAYCHUS TPEIIUH B
TOPHOM JIEJIE U T€O0JIOTUH.

1 Teopernyeckue moJI0KeHUA
1.1 3nauenue mpewiuHOBAMOCMU 8 20PHOM OeJle U 2e0]102UU

OpueHTUpOBKa, dYacTOoTa, THUN W BHJA TPEIIMH OKa3bIBAIOT
CYILIECTBEHHOE BJIMSHUE HA BakHEHIHE (PU3NKO-MEXaHUUYECKUE CBOWMCTBA
MIOPOJI, OMPEACISIONIUX YCTOMYMBOCTh TOPHBIX BBIPAOOTOK, YCIIOBHS WX
oOBomHEHHUS  (THAPOTCOJIOTHYECKUM  PEXKUM  PYJAHUYHBIX  BOJ),
pa3pabaTbiBaéMOCTh  MecTOopoxiaeHus. I[loaTomMy  TpemmHOBAaTOCTH
SBJSICTCS OJHMM W3 TJABHBIX IIOKa3arejield TMOpOoJa, OMPEeISsSIOIINX
OpraHU3aII0 TOPHO-TEXHUYECKOTO MPOU3BOACTBA. JleTalbHOE M3yUCHHE
TPEIIMHOBATOCTH  CHOCOOCTBYET  MOBBIIMICHHWIO  O€30MaCHOCTH U
POU3BOJUTEILHOCTA  Tpyda.  TpElmMHOBATOCTh  MOXET  HMMETh
MOJIOKUTEILHOE 3HAUY€HUE TpU  pa3paboTke MecTopoxiacHuil. B
YaCTHOCTH, OHA O0JieryaeT BBIEMKY YIJIed W3 MiacToB. PanuoHnanbHas
OPHUEHTHPOBKA IITYPOB 10 OTHOIICHHUIO K TPEUTMHAM IIPH OypO-B3PHIBHBIX
paboTax CHoCOOCTBYET TMOBBIINICHUIO KOA(DPUIIMEHTA HCHOJb30BAHUS
mmypoB (KWI).



OnHako, B OOJBIIMHCTBE CIIy4aeB TPEHIMHOBATOCTH CIOCOOCTBYET
Pa3BUTHIO BPEIHBIX [JII TOPHOTO IMPOW3BOJACTBA TOPHO-TEOJOTHYECKHUX
MIPOIIECCOB U SBJICHUM (CIABMKEHHUE TTOPOJ, TOPHBIE yIaphl, 00OBAIBI U T.I1.).
B xaudecTBe mpuMepa paccMaTpHUBaeTCs CIydail BIUSHUS TPEUTMHOBATOCTH
Ha XapakTep NPOSBICHUS BBHIBAJOB TOPHBIX MOPOJ B MPU3a00HHOM
MpOCTpaHCTBE. BhBIBAJI — 3TO JIOKaJIbHOE OOpYyIIEHHE TJbIO MOpPOa B
TOPHYIO BBIPaOOTKY MPEUMYIIECTBEHHO W3 KpOBIW BbIpaboTKU. I[lo
B3aMMOOTHOILICHUIO KPOBJIM BBIPAOOTKH W CHUCTEM TPEUIMH BbIBAJIBI
NOJIpa3IeNsIOTC Ha O€3yIOpHbIE, YIIOPHBIE U TOIYYIOpHBIE (PUCYHOK 1).
BriBasibl yImopHOTO THIIa MEHEE OIACHBI, T.K. KPOBJISI BBIPAOOTKH B 3TOM

ciyyae 0oJiee yCToMuMBa.
L

Pucynok 1 — Cxembl 00pa3oBaHMs BBIBAJIOB Oe3ymopHOro (a),
ynopHOTo (0) ¥ MoayynopHOro (B) TUMOB B OA3EMHBIX BEIPAOOTKAX.
(JIuHMYM HA PUCYHKE — TPEIIUHBI)

B npouecce GpopMHupoBaHHS MECTOPOKICHUW TOJE3HBIX HCKOIae-
MBIX 3HAQYEHUE TPEIIMHOBATOCTH COCTOUT B TOM, YTO OHA ONIPEACISIET
IPOCTPAHCTBEHHYIO OPUEHTHUPOBKY M (HOPMY PYAHBIX CTOJIOOB, PYIHBIX
TEJ, BIUAET HAa OCOOCHHOCTH UX BHYTPEHHETO CTPOCHUS — paclpeeeHue
MIOJIE3HOTO KOMIIOHEHTA MO PYAHOMY TEJy, PACIIPEAEICHUE TEXHOIOTNYEC-
KX U MHUHEPAJOTHMYECKHX THUIIOB Pyd W JIp. TpeluHbl CIyKaT MyTIMHU
MUTPALAH PYyJAOHOCHBIX PACTBOPOB M BMELIAIOT PYAHYK0 MUHEPAIN3ALHUIO,
GopMHUpPYs MECTOPOKIEHUSA TOJIE3HBIX MCKOIMAEMbIX >KAJIBHOIO THUIA.



Tpenuubl  ciayXar MOyTIMU MUTPAllUM W SIBIAIOTCS  KOJIJIEKTOpAMU
MOA3EMHBIX BOJI, Ta3a, HepTH — OoJiee MOJTOBUHBI MUPOBOM TOOBIYM HEPTH
OPOU3BOJAT M3 KOJUIGKTOPOB HE(PTH TPEUIMHHOIO THUMA. TpelrHbl
UCTIONB3YIOTCS Il  BBISIBJICHUS MW M3Y4YEHUS] CKJIQJ0K, pa3jIOMOB,
BOCCTAHOBJICHUSI JPEBHUX W COBPEMEHHBIX TMOJIEM TEKTOHUYECKUX
HAPSHKEHU .

1.2 Ocnoenvie nonamus

Tpemmna — 370 pa3pbIB CIUVIOMIHOCTY TOPHBIX MOPOJ, IEPEMEIICHUE
0 KOTOPOMY JIMOO OTCYTCTBYET, JTMOO UMEET HE3HAUNTEIbHYIO BETUUYHUHY.
dopMa TpelrH OTAnYaeTcs OT GOpMbI IPYTUX MOJOCTEN B mopoAax (mop,
KaBepH U Jp.) pEe3KUM npeodjagaHueM MNPOTSKEHHOCTH BO BCEX
HaIIPaBJICHUAX CTEHOK TPEUIMH HAJ pAacCTOSHHEM MEXKIy CTEHKaMHU.
Tpemunasl 00pa3yroTCa MpU ACHUCTBUM Ha MOPOJY CHJI, MPEBBIIIAIONINX
pejell MPOYHOCTH MOPOJAbl. DTU CUJIbI BO3HUKAIOT B PE3YyJIbTATE Pa3JIvy-
HBIX SHJOTC€HHBIX, 3K30T€HHBIX T'€0JOTMYECKHMX U aHTPONOTECHHBIX IIPO-
IIECCOB M MOTYT OBbITh KaK BHEIIHUMHU JJIsI HOPOAbl (TEKTOHHYECKUE,
IPaBUTALMOHHBIE U JIp. CUJIbI), TAK U BHYTPEHHUMH, BO3HUKAIOIIUMHU MPU
U3MEHEHUN TEMIIEPATYPBIL, BIIAXKHOCTH, IFIOTHOCTH ITOPOJIBI.

TpemmHoBaTOCTL WM CeTh TPENIMH — 3TO COBOKYITHOCTh BCEX
TPELINH, COBMECTHO PA3BUTHIX B KOHKPETHOM 00BEME TOPHOU MOPOIBI.

Cucrema TpemiMH — 3TO COBOKYIIHOCTb TpEIIHH, COBMECTHO
Pa3BUTBHIX B KOHKPETHOM O0BEME MOPOJbI U UMEIOIIUX OJU3KYIO0 MPOCT-
PAHCTBEHHYIO OpUEHTUPOBKY. Kak mpaBuiio, OTHOBPEMEHHO OBIBAET pa3-
BUTO HECKOJBKO CHCTEM TpemuH. Ho BCTpedaroTCs MacCHBBI TOPHBIX
MOpPOJI C OJHOM CHUCTEMOM TpemuH (PUCYHOK 2) WM OECCHCTEeMHOMN
(XaOTUYHOM ) TPEIIMHOBATOCTHIO.

OTaeabHOCTL — 3TO XapakTepHas (popma OJIOKOB (TJIBIO, KYCKOB)
TOPHOM MOpPOJbI, 00pa3ylolascs MpU packaiablBAaHUU MOPOAbL. Pazmepsl
OJIOKOB pa3JIMYHbl — OT HECKOJbKUX CAHTHUMETPOB JI0 COTEH METPOB B
nonepeyHuke. OTAETBHOCTh O0YCIIOBJIEHA HAJUYHEM IE€PECEKAIOIINXCS
cucteM TpeuuH. [losToMy BUI OTAECIBHOCTH M pa3Mepbl OJIOKOB MOPO/T
ONPENEISAIOTCS OPUEHTUPOBKOW, MHTEHCUBHOCTBIO M YacCTOTOW CHCTEM
TpemuH (pucyHOK 3). B ocamoyHbIX MOpoOJax M, B YACTHOCTH, B YIJIEHOC-
HBIX TOJIAX PACIpPOCTPAHEHBbl KyOWYecKas, MapasuielienuneaaibHas,
IIMTYATast, Ipu3MaTuyeckas, chepuyeckas, yeuynyaras OTACIbHOCTH.



Pucynok 2 — TpelnHoBaTOCTh TOPHBIX TOPOJ] B 0OHAXKECHUHU

Pucynox 3 — MatpaueBuanas (a), ruiuryaras (6), maposas (B)
OTJIEJILHOCTH (Hayajao PUCYHKA)



PucyHnok 3 - MatparneBuHas (a), miutdartas (0), maposas (B)
OTZIENIHOCTD (ITPOIOKEHUE PUCYHKA)

30Ha TPEWMHOBATOCTH — OTO JMHEWHO BBITAHYTBIA Y4YaCTOK
36MHOW KOpBl, B TMpefesiax KOTOpOTrO TpPEIIMHbI pa3BUTHl Ooiee



WHTEHCUBHO, Ye€M B OKpYyXaromux mnopoaax. OOpa3yroTcss OObIYHO Ha
HEOOJIbIIION TITyOUHE.

3ona apoO.ienusi (OpeKYHMpPOBAHUNA) — 3TO JIMHEWHO BBITSIHYTHIN
Y4aCTOK 3€MHOM KOpbI (HE3aBUCHMO OT pa3MepoB), B Mpejenax KOTOPOro
TOPHBIE TTOPOJIbl PA30UTHI TPEIIMHAMM Ha HEOOJIbIINE OJOKH, CMEIICHHBIE
U MOBEPHYThIE OTHOCUTEJIHHO MEPBOHAYANIBHOTO 3aneranus. O0pa3yroTcs
B YCJIOBUSIX HEOOJIBIIINX TIIyOUH.

KanBax — cnocoOHOCTh TOPOJbI pacKaidblBaThCAd Ha OTACIIbHBIC
3JIEMEHTHI pa3MepoM 10 1 cM B MONEPEYHUKE O TYCTO Pa3BUTOM CUCTEME
napajuieIbHbIX TOBEPXHOCTEM, CEKYIIMX CJIOMCTOCTh WJIM COTJIACHBIX C
Hed. KiuBak BO3HUKAaeT 3a CYET OPHUEHTHUPOBKHM MHUHEPAJIOB WU
o0OpasyeTrcsi He3aBUCUMO OT TaKOW OPUEHTHUPOBKH MO CETU MapajlieIbHbIX
TPEIIHH.

1.2.1 Tunvt mpewiun 6 20pHbIX NOPOOAX

CymiecTByIOT pa3auyHble KiIacCU(pUKAIMU TPEIIMH: T€OMETpUUec-
KH€, TEHETUYECKHUE U clieluaibHble. Bce OHM XapaKTepu3yroT TPEIIHHBI C
pPa3IMYHBIX TOYEK 3PEHUS M IMOTOMY HE HCKIIIOYAIOT, a JOMOJHSIOT JIPYT
apyra:

a) Ilo crTemeHW OTKPBITOCTH W TPOSIBJIEHHOCTH PA3IUYAIOT
CKpPbITble (MHUKPOTPEUIMHBI, HE BHUIAUMBIC HEBOOPY)KCHHBIM TJIa30M H
OOHapyKUBAIOIIUECS JIUIIb TPU pacKaJbIBaHUM TOPOJbI, KOTOpas
JOMAETCA IO 3TUM TpEIIMHAM), 3aKPbIThbIe (XOpPOIIO 3aMETHBIE, HO C
MJIOTHO NPWKAThIMU CTEHKAMH) U OTKPbIThIEe (00sajaronire HEKOTOPOi
MOJIOCTHIO) TPEILUHBI.

0) Ilo pa3mepam BbBIICISIOT MaJible WM BHYTPHUILIACTOBBIC
TPEIINHBI, KOTJIa OHU HE BBIXOJIST 3a MPEJeibl OJHOTO TJIacTa, U 00JIbINe
TPEIIMHBI, CEKYIIHEe HECKOJbKO  IUIacTOB, aOCONIOTHAs  JIJTMHA
OOJBIIMHCTBA TPEIIMH — METPbl U JECATKHM METPOB, HO OHA MOMXKET
KOJIe0aThCsl OT MUJUTUMETPOB JI0 COTEH METPOB.

B) Ilo ¢opme BbIACHAIOT NMpsAMBbIE, OYTOBUAHBbIE, KOJIbLEBBIE,
H3JIOMaHHbIE TPEIIUHBI C TJIAJIKUMHU UM HEPOBHBIMHU KpasiMHU.

r) YroJ majeHust TpEH MOXeT u3MeHsThest oT 0° 1o 90°. Io yriy
MmajeHus BBIACIAIOT ropusoHtadabubie (0-5°), moaorme (5-20°),
crabonakonnbie (20-45°), kpyThie (45-80°), Beprukaabubie (80-90°).

n) Ilo oTHOLIEHHI0 K 3a/IeTAHMI0 CJI0€B TPEIIMHBI MOTYT OBITH
NPOA0JLHBIMH (TIapajUIeNIbHbIC MPOCTUPAHUIO TIOPOJIbI), MOINEpPedYHbIe



(paccekarole Mopoay B HaIpaBJICHUM IMajCHUA), KOCbIE (pacceKaroline
Mopoay B JIFOOOM TMPOMEKYTOUYHOM  HAIMPABICHHH), COTJIACHbIE
(ciemyroniyue mapauieibHO CIIOMCTOCTH W CJIAHIEBATOCTH) (PUCYHOK 4).
Ha okpyrmpix ckimagkax MOTYT OBITh BBIJICJICHBI paauajbHble U
KOHIIEHTPU4YecKHe TPEIINHBI.

1 — monepeunas; 2 — cornacHas; 3 — kocast; 4 — poaoJIbHAS
PucyHnok 4 — TpenHsl B 0CaJOYHBIX TTOPOAAX

¢) Ilo OTHOmIEHUIO K OpPYJAEHEHHWIO BBIJICIAIOT JAOPYAHBIE,
BHYTPHUPYAHBbIC U MOCJEPYAHbIE TPEIIUHBI.

k) Ilo xapakTepy aedCTBHS CHJI, TPUBEAIIMX K BO3HUKHOBCHUIO
TEKTOHUYECKUX TPEIIMH, BCE TPCIIMHBI TOPHBIX MOPOJ], HE3aBUCHUMO OT
VMCTOYHMKA CUJI, ICIIATCS Ha TPEUIMHBI OTPBIBA U TPEIIUHBI CKAJIBIBAHUA.

1.2.1.1 Tpemmnbl oTpbIBa (packoja) oOpa3yrTCi B IUIOCKOCTH,
napajuieJIbHOM COKMMAIOIIMM CHJIaM W NEPHEHIUKYISPHON pacTAruBaro-
MM CHJIaM, KOTrJa BEJIWYMHA MOCJIEAHUX MPEBBIIIAET Mpeaesa IPOUYHOCTH
OpoJibl Ha OTPHIB (PUCYHOK 5). B MOMEHT 00pa3zoBaHuUs 3TH TPEIIUHBI
OTKPBITBL. BOJAbP CTEHOK TpEWMH OTpbhiBa HAOIIOJAIOTCA  TOJBKO
HEOOJIbIIINE CMEIIEHUs, T.K. I[EpEeMEIICHUEe B TMOPOJEC HaIPaBICHO
NEPHEHAUKYISIPHO K CTEHKaM TPEIIHHBI (PUCYHOK 6).

PasMepsl TpemuH OTpbIBa KOJIEOTIOTCS B IIMPOKHUX Mpeaenax — OT
MUKPOCKOMMYECKUX (HE BUIUMBIX IJ1a30M) 10 HECKOJBKHUX JIECATKOB U
COTEH METPOB B JUIMHY, [IPU IIUPHUHE OTKPBITUS OT MM JI0 M.
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Pucynok 5 — TpemiuHbl oTpbiBa, 00pa3yronmecs npu cxaTtuu (a),
pactspkenuu (0) u casure (B). P — BHeniHue CHIibl; KOPOTKHUE
CTPEJIKH — CMEIICHUE OJIOKOB MOPOAbl OTHOCUTEIHHO TPEIUH

OTpbIBA

Pucynok 6 — KynucooOpasHblii psiJi TPEIIMH OTPBIBA B IPUPOJIC

K Ttpemmuam oTpbiBa 4acTO INPUYPOYEHBI JAWKA MArMaTH4YECKUX
MOpoJl, PyAHBIE M HEpyAHbIE XKuibl (pUCyHOK 7). OHH MOTYT OBITh
KOJUIGKTOpaMu He(pTH u ra3a, Moa3eMHBIX BOJA. OTKPBITHIE TPEUIUHBI
OTPbIBA YaCTO BOJOHOCHBI M HEPEIKO OHM OOYCIaBIMBAIOT OOJIBIION
MPUTOK MOJI3EMHBIX BOJI K TOPHBIM BBIPA0OTKAM, a Tak>Ke OOJbIINE MOTE-
pu BOAbl Ha GUIBTPAIMIO M3 KaHAJIOB, BOJOXPAHWIMIN, H3-MOJ TeJa
TUTOTHH.
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] — yrmucrteie cnaHupl; 2 — TPaHUTHI; 3 — KBAPL-KACCUTEPUTOBBIE KUIIbI,
4 — Mertamop(duuecKue CIaHlbl; 5 — TPAHUT-AUIUTHL; 6 — MPOCTUPAHUE
OCH aHTUKJIMHAJIN

Pucynok 7 — CxeMa cTpO€HUS OJIOBSIHHOTO MECTOPOKICHUS,
MPUYPOUYEHHOTO K CUCTEME TPEUIMH OTPbIBA, OPUCHTUPOBAHHBIX
BKPECT NPOCTUPAHUS CKIIAI4aTOCTH

HBIM BBIpa0OTKaM, a Tak»e OOJIbIIIME MOTEPU BOJBI HAa (PUIBTPAIMIO U3
KaHAJIO0B, BOJOXPAHWIMUI, U3-110]T T€Ja IJIOTHH.

Mopdosnornyeckue NPpU3HAKYA TPEIMH OTPbIBa. TpEIuHbI OTPHI-
Ba JIETKO OTJWYAIOTCA OT TPEUIMH CKaJbIBAHUS 110 U30THYTOW, HENPSIMOIU-
HelHol hopme. CTEeHKH WX HEPOBHBIE, IIEPOXOBAThIC, pBaHble. OpUEHTH-
POBKa TPEIIUH OTPhIBA 3aBUCUT OT (PU3UKO-MEXaHUUECKUX CBOUCTB I10-
PO 3TU TPEUIMHBI OOBIYHO OTMOAIOT YUacTKU 00Jiee TBEPAbIX MOopo (Ha-
puMep, TadbKy B KOHIJoMepaTe (PUCYHOK 8), 4HaCTO MEHSIIOT OPUEHTH-
POBKY IPH NIEPEX0JI€ U3 OJJHOTO BUJA MTOPOJIbI B IPYTOMl MIIM COBCEM 3aTy-
xatoT. [To mpocTupanuio u NajJeHuIo TPEUIUHBI OTPHIBA OBICTPO BHIKJIMHU-
BatoTCs. KUibl, IpUYPOUYEHHBIE K TPEIIMHAM OTPHIBA, HMEIOT HEMPABUIIb-
HY10 (hOopMy C pa3ayBaMu U MEPEKUMAMH.
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Pucynok 8 — Tpewmwnnsl otpeiBa (1) u ckanbiBaHus (2) B KOHIJIOMEpaTe

1.2.1.2 TpemuHbI CKAJBIBAHUSA BO3HUKAIOT BJOJb MJIOCKOCTEM, B
KOTOPBIX JEUCTBYIOT MAKCUMAJIbHBIE CKAIBIBAIOIINE HANIPSKEHUS, KOT 1A
BEJIMYMHA NOCIEAHUX MPEBBIIIAET MPEIEI MPOYHOCTU MOPOAbI HA CABUT.
DTH TPEIIUHBI TEOPETHUECKH PACITIONAraroTCs Mo yriaoM 45° K CKUMaro-
MM U PACTATUBAIOIINM CHJIaM, 00pa3ys COMPSIKEHHBIE CUCTEMbI TPEIINH
CKaJIbIBaHUs (PUCYHOK 9). B BepxHeil 4acTu 3eMHOM KOPBI 3TOT yTOJ

a “} ) 1[} B B ¢

N\ 7 N\ # %/
aN|EA\Vay,
4P tp ==

Pucynok 9 — TpelrHbl CKaJIbIBaHMs, 00pa3yIOIIUecs IPHU CKaTuu (a),
pactsbkenu (0) u casure (B). CpaBHUTE C OPUEHTUPOBKOW TPEITUH
OTpbIBA Ha PUCYHKE 5. P — BHEIITHHUE CUITBI: KOPOTKHE CTPEIKU —
cMeleHre 0JI0KOB MOPOIbI BJOJIb TPEIIUH CKOJia

Menbie 45° 1 kojebiercs B npeaenax 35 - 45° k ocu cxarus. ITta 0co-
OCHHOCTD MCIIOJIB3YETCS JIsI PEKOHCTPYKITMN HAIIPaBICHHS CKUMAIOIINX
cui (OCh CXKATUSI pacIoiaraeTcsi B OCTPOM YITy MEXKAY TPEIIMHAMU CKa-
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nbIBaHusA). B MOMEHT 00pa30BaHus TPEIIMHBI CKaIbIBaHUS ObLUIN 3aKphI-
ThIMU. BJI0JTh CTEHOK TPEIINH CKaJIbIBAaHUS TIPH UX 00pa30BaHUM MPOUCXO-
JUT HEKOTOPOE CMEIICHUE OJIOKOB MOPOJI, O YEM CBUIETEIBCTBYIOT CJIE]IbI
nepeMeIeHrs Ha CTEeHKaxX TPEIWH: TJIMHKA TPeHUs (IIPOIyKT TOHKOTO Tie-
pETUpaHUS TTOPOJIbl), IITPUXHU, OOPO3/Ibl, CTYIIEHU CKOJIbKEHUS (OHU OPH-
CHTUPOBAaHbI B HAIIPABJICHUHU CKOJIbKEHHUS ), 3€pKajia CKoJibkeHus. B pe-
3yJbTaTe MePEMEICHUsI BIOJIb TPEITUHBI MOYKET BO3HUKHYTh TEKTOHUYEC-
Kast OpeK4nsi, MOTYT CMEIIAThCA Te0JIOTHYECKHUE TPaHuLIbl. TpelnHbl cKa-
JBIBAHMS YACTO UMEIOT OOJIBIITYIO MPOTSHKEHHOCTh U OOBIYHO 00Pa3yroT
CHUCTEMBI TPEIIIHH.

TpemmHbl CKanbIBaHUSA, KaK MPaBUIIO, HE BOJOHOCHBI WM CJIabo
BOJOHOCHBI, BOJIOIIPOHUIIAEMOCTh MO HUM HeOoubmas. [Ipu pa3zpabotke
TOPHBIX TIOPOJ, BCKPBITUM WX TOA3EMHBIMH M TIYOOKHMH OTKPBITHIMHU
BbIpaOOTKaMHU MO TPEIIMHAM CKOJIa MOTYT BO3HHMKATh 3HAYUTEJIbHBIC JIe-
dbopmanuu — OTCIIaMBaHUE M CMEIIEHUE OOJBIINX Macc mopoj. B mporiec-
ce pyAooOpa3oBaHMsI M MarMaTu3Ma CKOJIOBbIE TpPEIIMHBI MOTYT
MPUOTKPHIBATECA W BMEIIATh PYJHBIE JKWIBI M JaWKM MarMaTH4eCKUX
nopon (pucynok 10, 11).

e A W T - p-
e B e i e
W T e T T i

774 [+.t]2 L2275 1 ==)4

| — rOpCcKHE NECYAHUKU U CIIAHIIbI; 2 — BEpXHEKOPCKUE TPAHUTHI; 3 —
KBapi-(hoab(hpaMUTOBBIE KUJIbI B TPEIIMHAX CKOJA; 4 — pa3pbIBHbIC
HapyLICHUS

Pucynok 10 - Pyanbie ®uiibl B OTHOCUCTEMHBIX TPEIIMHAX CKOJIA HA
MECTOPOXKJIECHUH BOIb(DpaMuTa
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1 — cimanupl; 2 — ecYaHuKy; 3 — KBapIEBO-PYIHBIC KUJIbI; 4 — TPEIUHBI

Pucynok 11 - KBapueBo-pyHbI€ KHUIIbI B IBYyXCUCTEMHBIX TPEIIMHAX
CKOJIa

Mopddoaornyeckne NpU3HAKM TPEIUMH CKAJIBbIBAHUA. TUIIMYHBIC
TPELIMHBI CKaJbIBaHMs, B OTJIMYME OT TPELIMH OTPBIBA, NPSIMOJIMHEHUHBI,
CTEHKHM UX POBHBIE, IPUTEPTHIE, YACTO KaK Obl OTHOJMPOBaHHbIE. X opu-
€HTUPOBKA HE 3aBUCUT OT (PU3UKO-MEXAHMYECKUX CBOMICTB MOPOJ — OHU
CpE€3ar0T 3€pHa MUHEPAJOB, I'PaBHil, rajabKy (PUCYHOK 8) M Apyrue BKIIO-
yeHus B opoje. [1o Tpemmnam ckoia PUKCUPYIOTCS CMEIIEHUS COCEIHUX
0s10k0B mopoa. Ecnu k TakuM TpemuHaM MpUypOYEHbI JKWIbl WIH JTalKH,
TO OHU UMEIOT (POPMY IIIACTUH OOJIEe WK MEHEE MOCTOSIHHONW MOIIIHOCTH.

Heob6xoauMo MMETh B BUJly, YTO MEXaHU3M OOpa30BaHUs TPEIIMH
OTpbIBA M CKaJIBIBAHUS OJWHAKOB, KaK JUIsI MUKPOTPEIINH, TaK JJIsI KPYyII-
HBIX TPEUIUH U Ja)Ke pa3noMoB. MIcTOuHUK cuil A1 o0pa30BaHUs TPEIIUH
OTPBbIBA U CKAaJbIBAHUA MOXKET OBITh CAMBIM Pa3JIMYHBIM; TEKTOHHUYECKUE
CUJIbI, METEOPUTHBIN YIAp, Y1ap MOJIOTKOM IO MOPOJE U T.[.
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1.3 T'enemuueckasn Knaccugurkayus mpeuwiun

[Io mpoucxoxaeHuto (TeHE3UCy) BCe€ TPEIIMHBI 3€MHON KOpPHI
NOAPA3CAIOTCA Ha ABA TUMA: HETEKTOHMYECKNE U TEKTOHHUYEeCKHe.

1.3.1. HerekToOHUYeCKHE TPEIIUHbI BO3HUKAKOT B TOPHBIX MOPOJIAX
Ha MOBEPXHOCTH 3€MJIM WJIK BOJIU3U HEe MO/ ACHUCTBUEM CHJI, CBSI3aHHBIX C
AK30T€HHBIMU T'€OJIOTUYECKUMH M aHTPOIOT€HHBIMH MPOILIECCAMHU WU C
U3MEHEHUEM TEMIIEPATYPhl, BIAKHOCTH, IJIOTHOCTH MOPOJ.

HerekToHMYeCKWEe  TPEUIMHBI 1O  CBOEMY  IPOUCXOXKIACHHUIO
NOAPA3JICTAIOTCS Ha HECKOJIbKO BUJOB: 1) KOHTPAKIMOHHbIE TPeIIUHbI
— BO3HUKAIOT B CBS3M C YMEHBIIEHHEM OObeMa MpU OCThIBAHUU
MarmMaTU4eCKUX IMOpOJ; 2) JHTOreHeTH4YeCKHe (IuareHeTudecKue)
TpemuHbl — (OPMUPYIOTCS MNPH JUareHe3e OCAJAKOB;, 3) TPemuHbI
BbIBETPUBAHUA — OOpa3ylOTCAd B pe3yjbTaTe pa3pylIeHUs MOpOJ MpHU
BBIBETPUBAHNU; 4) TPEeIMIMHbI PA3rPy3KU — BO3HUKAIOT NPU YBEIUYCHUU
oO0beMa Mopoj MpU UX TUIApATAIMU WIK B pe3ysibTaTe YNPyroul OoTaadyu
OpU  BCKPBITUM  TIOPOJ  TJIYOOKMMH  KOTJIOBaHAMHU, TIOJ3EMHBIMHU
BBIPA0OTKAMHU WJIM 3PO3MOHHBIMH TIpoIieccamMu (B OOpTax peK, OBparoB u
Ip.); S)TpeliuHbI ONMOJI3HElH, 00BAJIOB, MNMPOBAJOB W TMPOCATAOK
NPOSIBIIAIOTCS. BCJIEACTBUE TMEPEPACIPENCICHUS] HANPSIKEHU B TOPHBIX
nopoJiax W HapyLIeHUs HUX PaBHOBECHS, OPUCHTUPYIOTCS OOBIYHO
napajuleibHO KOHTypaM LIEJIHMKOB, 6) HMCKYCCTBEHHbI€ TpPEHHUHbI —
BO3HHMKAIOT TMpPH B3pbIBaX, MOAPAOOTKE TOPHBIX MOPOJ TOA3EMHBIMU
BBIPA0OTKAMU U JIp.

Kak npaBuimo, HETEKTOHWYECKHUE  TPEUIUHBI  MPEJICTABICHbI
TpEeIIMHAMU OTPbIBA — OHU UMEIOT HEOOJIBIIIYIO MPOTSKEHHOCTh U Xapak-
TEPU3YIOTCSI OTCYTCTBHEM YCTONYMBBIX HAINpPAaBICHUM, OHU HE MPOHUKAIOT
Ha Oojbllyl0 TIyOMHY (A0 MEPBBIX METPOB), HMEIOT HW3BUIIUCTHIC
OYepTaHUsl, HEPOBHbIC, IIEPOXOBAaThie CTEHKU. Cpeau HETEKTOHUYECKUX
TPEIIMH HAUOOJIBIIUM PACHPOCTPAHEHUEM MOJIb3YIOTCS JIMTOTeHeTHYec-
KHe (IMareHETUYECKUE) TPEIIMHBbI U TPEIUHbI TEPMUY€CKOl KOHIEHT-
paumu.

1.3.1.1 JluroreHernvyeckue (AUAreHeTHYEeCKHE) TPEIIMHbI
BO3HUKAIOT B MPOIIECCE JIUTOTEHE3a MPU MPEBPAICHUN OCaJIKa B 0CaJ0u-
HYIO TOPHYIO TTIOPOJY U IO CBOEH MPUPOJE SIBISIOTCA TPEIIMHAMH OTPHIBA.
OOpa3zoBaHue TpemIMH OOYCJIOBJICHO yMEHbIIIEHHEM OObeMa oOcajika B
CBSI3U C TMOTEpPE BOABI U YIUIOTHEHUEM OCaJIKa. YMEHbIIEHHE O0beMma
BBI3BIBAET MPOSIBJICHUE PACTATUBAIONINX YCUIIUWA, B PE3YJIbTATE€ KOTOPBIX U
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00pa3yroTcsi TpemuHbl. JINTOreHeTUUeCKUe TPEIIMHBI CBA3aHbl C OTIEIb-
HBIMU CJIOSIMH U 3aKaHYMBAIOTCS Y TTOBEPXHOCTU HacyioeHus. [1o oTHoIIe-
HUIO K CJIIOMCTOCTH ATH TPEUIMHBI MOTYT pacrojaraTbCs pa3jiuyHo: Mep-
NEHIUKYJSPHO, KOCO, mnapamienbHo. [lojokeHue TpemuH 3aBUCUT OT
COCTaBa 0CAI0YHBIX TOPOJT (pUCYHOK 12). B U3BeCTHAKAX TPEUIMHBI MTEP-

Lil!ll]'l_lll"ll'l_‘l

HilecmuAa,

L3

ﬁ:’f‘f’f‘ﬁud’

Pucynok 12 — Pacnosio’)kxeHue TUTOreHETUUECKUX TPEIIUH B 3aBUCUMOCTH
OT COCTaBa OCaJ0YHOM MOPOJIbI

NEHAUKYJISIPHBI CIIOMCTOCTU. B mecyaHukax Hapsany C INEepHEHIUKYISAP-
HBIMU HAOJIFOJIA0TCS XapaKTEPHbIE HAKJIOHHBIE K CJIOMCTOCTH TPEIIUHbI. B
MEpreyiaX W TIMHax HaubOojee XapakTEepHBI CIOXKHBIE CKOPIYMOBAaThie U
OCKOJIBYAThIE OTAEIBbHOCTU. B YroJpHBIX IUIACTaX M YIVIEBMELIAFOIINX
MOPOJIaX ATHU TPEHIMHBI OOBIYHO MEPHEHIUKYJISIPHBI HaIlacToBaHuio. B
IJ1acTax yriisl TyCTOTa JINTOTEHETUYECKUX TPEIIUH M3MEHSETCS B 3aBUCH-
MOCTH OT METPOrpauuecKoro cocraBa: B OJECTAUIMX PA3HOCTIX YrieH
9TU TPELIUHBI BCEr/ia TYIEe, YeM B TTOTYOJECTSIINX U MATOBBIX.

['ycToTa MUTOreHETHYECKUX TPEUIMH 3aBUCUT TAKXKE OT MOIIHOCTH
riacta. MonHbIe T1acThl UMEIOT 00Jiee PEAKYIO CETh TPEUIUH MO CpaBHE-
HUIO C MEHEE MOIIHBIMU IJIACTAMHU, CETh TPEIIUH B KOTOPBIX, IMPH MPOUYUX
PaBHBIX YCIOBUAX, ObIBaeT rymie. CpeaHee pacCTOSHUE MEXKTY JTUTOTCHE-

TUYECKMMHU TPEUIMHAMHU BHYTPH OJHOIO CJIOSI PABHO NMPUMEPHO YJIBOECH-
HOU MOIIHOCTHU CJIOA.
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1.3.1.2 KonTpakunoHHbIE TPEIIMHBI BOSHUKAIOT IPU OCTHIBAHUU
(OXJIaXIEHUH ) UHTPY3UBHBIX U 3G (Py3UBHBIX MarmaTuueckux nopo. [lpu
OXJIQXJICHUU MTPOUCXOUT YMEHBIIIEHUE 00bEMa MTOPO/I, YTO BBI3HIBAET
NOSIBJICHUE PACTATUBAIOLIMX YCUIIUM, B pe3YyJIbTaTe KOTOPBIX 00pa3yroTcs
TPEIMUHBI OTpbIBa. KOHTpaKIIMOHHBIE TPEUIMHBI OOBIYHO PACIIONararoTCs
NEPIECHINKYISIPHO Y MapayIeIbHO MMOBEPXHOCTH OXJIAXKICHUS MarMaTH-
YECKHX MOPo/I, pa3drBas ux Ha OJIOKU KyOHUeCcKo, mapaenenuaaibHoM,
MaTpaleBUIHON, CTOI0UATOH, IIapOBOM OTAEIbHOCTH (pucyHOK 3). Hau-
OoJiee SIPKO KOHTPAKIIMOHHBIC TPEIIUHBI BhIpaKeHbI B 3P y3UBHBIX U
JalKOBBIX MarMaTUYECKUX MOPOAAX.

1.3.2 Texmonuueckue mpeujunsl

TexkToHUYECKHE TPEIIMHBI UMEIOT HamOoJiee HIMPOKOE paclpocTpa-
HEHUE B IMOpPOJAax 3€MHOW KOpbl. OHM BO3HHUKAKOT IOJ JCUCTBHEM
HaMpsKEHUW, 0O0YCIIOBJICHHBIX TEKTOHUYECKUMHU JBUKEHHAMM 3E€MHOMN
Kophbl. [losiBIEHHE TEKTOHUUYECKUX TPEIIMH CBA3aHO C 00Opa30BaHUEM OT-
JENBHBIX CKJIQJ0K, Pa3JIOMOB, a TAKXKE C HANPSKCHUSIMHU, OXBATHIBAIOIIIN-
MU OTpOMHBIE 00JIACTU 3€MHOM KOpPBI (HAmpuMep, pyAHOE 1oJie, T€0CHH-
KJIMHAJIbHAs 00/1aCTh, KOHTUHEHT), T.€. UCTOUYHUK CWJI (HaNpsoKeHUN) u
MacIITad TEKTOHUYECKUX TPEUTUH MOXKET OBITh BEChbMa Pa3JIMUCH.

[Ipyu nelcTBUM TEKTOHWYECKUX CHII (HampspKEHUM) jro0as mopoja
UCIIBITBIBAET TPHU MOCIEA0BATENbHBIX cTaguu nedopmanuu. 1. Cragus
ynpyroii aedpopmanum — 3To oOpatumeie neopMainuu, T.€. IPU CHATUU
Harpy3ku Aedopmanuy UCYE3al0T U MOPoJia MOJTHOCThIO BOCCTAHABIUBAECT
nepBoHavasibHbie opMy U 00beM. 2. CTaanu miacTudeckoii gegopma-
MU — TOopojaa HeoOpatumo MeHsieT ¢dopMmy U o0beMm, HO Oe3 pas3pbiBa
CIUIOIIHOCTH TOPOJbI. JTa CTaausi MPOSBISAETCS, KOrJa TEKTOHUYECKHUE
CUJIbI MPEBBIMIAIOT MpeJieSl YOPYTrOCTH, HO HE BBINIE Mpejiesia MPOYHOCTH
nopojel. B Ty cranguio obpasyrores ckianku. 3. Cragusi Xpynkoi ujim
Pa3pbIBHOI 1epopManum IposIBISETCS, KOTJa TEKTOHUYECKUE CUJIBI TIpe-
BBIIIAIOT TIPEJel MPOYHOCTH MOPOALI M TOPOJAbI JePOPMUPYIOTCS C
MOTEPEH CIUIOMIHOCTH, C 00pa30BaHUEM TEKTOHUYECKHUX TPEUIUH OTPhIBA U
CKaJIbIBaHUs. B 3aBUCUMOCTH OT KOHKPETHBIX T€OJOTMYECKUX YCIIOBHUI
pa3IMYHbIC CTaauU JeopMallui MOTYT MOJy4aTh Pa3IUYHYH CTEIEHb
pa3BuTuia. Hampumep, B rOpU30HTAIBHO 3aJI€raroluX IiacTax yris Iac-
THYECKas cTaaus AedopMaiiuu MOKET COBCEM HE MPOSIBISATHCS WM UMETh
KpalHE HE3HAYUTEIBHOE PAa3BUTHE.
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TekToHMYeCKre TPEIIMHb BO MHOTOM OTJIMYAIOTCS OT HETEKTOHU-
yeckux. OHU XapakTepHU3yIOTCs OOJIbIIEH TITyOMHOM NPOHHWKHOBEHUS U
MPOTSKEHHOCThIO, HMEIOT YCTOMYHMBYKO OpPHUEHTHPOBKY M 00pa3yroT
CHUCTEMBI TPEUIWH, OPUEHTUPYIOTCS MO €JUHOMY IUIaHy B Pa3HBIX IO CO-
CTaBy MOPOJIaX, OOBIYHO HMMEIOT 3aKOHOMEPHOE COYETaHUE CUCTEM Tpe-
IIIUH C TEKTOHUYECKUMHM JIEMEHTAMH — CKJIaJIKaMH, pa3JioMaMu U JIp.

1.3.3 Mexanusm o6pa3zoeanus meKmoHu4ecKux mpeuwju

Bce Tena BHYTpU 36MHOM KOPBI HAXOASTCS B 00 bEMHO-HANPSXKEHHOM
cocTosiHuU. B kauecTBe Mozienu 00bEMHO-HAMPSHKEHHOT'O COCTOSIHUS TPH-
HUMaeTcs Jmncona aedopmanmum — Gurypa, Kotopas Mnoiaydaercs U3
miapa B ciydae ero aegopManuu noj AeicTBueM cuil (B oOlleM ciydae —
3TO TPEeXOCHBIHN druunconn) (pucyHok 13). Ocu smmncounna aedopmaiuu
ABJISIIOTCS. TJIABHBIMM OCSIMU JiehopMaliii, OHU COBMHAJAOT C Hampasiie-
HUEM TJIABHBIX HOPMAIBHBIX HANPsDKeHUM. JIJ1s1 TPEXOCHOTO AILTUTICOU 1A

A#B#C.

| — MmakCcUManbHBIE CKUMAIOIINE YCHIINS;, 2 — KPYTOBBIE CEUCHUS

Pucynok 13 - TpexocHbl# srnuncoui aeopMaium — MoJeiab 00bEMHO-
HaIPSHKEHHOTO COCTOSIHUS TOPHBIX MOPOJT BHYTPH 36MHOM KOPBI
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A — rnaBHas och Jedopmaiuy COBNAJaeT C HAINPaBICHUEM MHWHU-
MaJIbHOTO CXKUMAIONIEro ycuiausg (WiId HampaBJICHUEM PacCTSKEHUS).
C — raBHasg och AepopMaliii COBNAAACT ¢ MAKCUMAIIbHBIM CKUMAIOIIUM
ycuireM. B — rnaBHas och aedopMannm, 3aHUMAIOIIAS MPOMEXYTOUHOE
NOJIOKEHHE. Y TPEXOCHOI0 JIUIMICOMJA JAePOopMalMi HUMEKTCA JBa
KpyroBbix ceueHus. OHU MepecekarTces mo ocu B.

Pa3pyiieHue BeliecTBa ¢ 00pa30BaHUEM TPEUIMH MPOUCXOAUT OJHO-
BPEMEHHO MO HECKOJIbKUM HampabiieHUsIM. CyIlIeCTBYIOT TPU T'€HETHUYEC-
KHUX TPYIIbl TPEIIUH:

1. Tpemunbl ckaabiBanusi. Hanbomnpliine ckaabIBalONIUEe HAMPsKe-
HUS PA3BUBAIOTCS BJAOJb KPYTOBBIX CEUCHHMM 3rumircounaa aehopmaluu.
[lepeceyenne IBYX CONPSIKEHHBIX CHUCTEM CKaJbIBaHUSA COBHAIACT C
OopueHTUPOBKON ocu B (pucyHok 14). TpenuHbl CKajdbIBaHUS OOBIYHO
NPSIMOJIMHEHBIE, TPOTSIKEHHBIE, INIOTHO CXKATHIE.

| — HampaBiEeHNE MAKCUMAJIBHOTO COKUMAIOIIETO YCUIIHS,
2 — KpyroBbI€ CEUeHHUs duIcona Aehopmanuu; 3 — TpEIMHbI
CKaJIbIBAHUS

PucyHnok 14 - TpenuHbl cKabIBaHUS COBIAAAIOT ¢ KPYTOBBIMH CeYUe-
HUSIMU DJUTUIICOU 1A Teopmanuu

2. Tpemunbl 0TpHIBA — 00paszyroTcs B miiockoctu BC (pucynok 15).
DTO KOPOTKHE, HEBBIJEPKaHHBIC, YAaCTO 3USIONINE TPEIINHBI 0€3 CIIe0B

TIepeMeITICHHSI.
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| — TpenuHbBI OTpHIBA
PucyHnok 15 - TpemuHsl 0TpbIBa, OPHEHTHPOBAHHBIE NTAPATIICIIBHO
miockocTu BC annuncouna nedopmanuu

3. TpemyHbl CIUIIOIIMBAHUA — 00pa3ylOTCsA BAOJb IUIOCKOocTH AB
U CBSI3aHbI C INIACTHYECKUM TEYEHUEM BELIECTBA B TBEPAOM COCTOSIHUH (B
CBSI3U C €r0 BBDKMMaHHEM (PUCYHOK 16). DTO MpsAMOJIMHEHHbIE, TUIOTHO
CKaTbIe, IIPUTEPTHIC TPELINHBI.

| — mox nercTBUEM CBEPXBBICOKUX JABJICHUN YIJIMHEHHBIE 3€pHA
MUHEPAJIOB CTPEMSITCA MPUHSTH CyOnapaieibHyl0 OPUEHTHUPOBKY,
MEPIEHIUKYISIPHYIO C)KUMAIOIIEMY YCUJINIO; 2 — TPEIIUHBI CIUTIOIMBAHUS

Pucynok 16 - TpemuHsl CIUTIOIIMBaHUSA, OPUEHTUPOBAHHBIE NAPAJIIIEIBHO
miockoctu AB snnuniconna aedopmanuu.
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Jns HarmagHOCTHM WJUTIOCTPAllMM  PACCMATPUBAEMBIX IOJI0KEHHMN
MOXHO HCIOJIb30BaTh MOJIEIM IUIOCKMX (TIPOBOJOYHBIX) ceTok. Ha
IJIOCKOM CETKE JIIOOBIM JTIOCTYIHBIM CIIOCOOOM TOKa3bIBAETCS KPYT (Iap
HEOOXOUMO JOCTPOUTH MBICICHHO). Jlepopmaruio CeTKHu MOXKHO
OCYIIECTBIIATH JIMOO MPUIIOKEHUEM OJIHOOCHO HAMPABJIEHHBIX CHUJ, JIUOO
mapoi CHJI, 9YTO OTBEYAeT YCJIOBHUSIM BpaileHus: (pucyHok 17). Ilpu 3Tom
KPYT OPEBPAIIACTCS B AJUIUIIC. UTO NOJHKHO MPOUCXOIUTH C IIAPOM, JIETKO
noMbicinBaeTcsa. KpyroBeie ceueHursi COBIANAOT ¢ OPUEHTUPOBKOMW JINHUU,
00pa3yIoKX CETKY.

1 — HanpaBneHue cui; 2 — KPyroBble CEUCHUS
a — UCXOJTHOE MOJIOKEHUE; O — MPU OJTHOOCHOM CXKATUH; B — MPU JCHCTBUU
napsl CHJl

Pucynok 17 - Ilonydenue smnuricona aehopMaiuyd Ha MOJEISX TIOCKUX
CETOK

PaccmarpuBaeMble TEOPETHUUECKHUE TIOJIOKEHUSI COTJACYIOTCS €
MPAKTUYCCKUMHU HCIIBITAHUSIMH 00pa3llOB TOPHBIX IOPOJ Ha C)KaTue B
Ja00paTOpHBIX yciaoBUsIX. OOpasIsl pa3pylialoTcs Mo cXeme, H300paKeH-
HOU Ha pucyHke 18. [lomy4arommuecs mpyu 3TOM NOBEPXHOCTH Pa3pyLICHUS
UJICHTU(UIUPYIOTCSA KaK TPEIIUHBI CKAJIBIBAaHUS U OTPHIBA.

EcTecTBEHHO moaraTh, 4TO pa3pyllieHUE BEllecTBa C 00pa30BaHUEM
PACCMOTPEHHBIX T€HETUYECKUX CHUCTEM TPEIIUH MPOUCXOAUT IO MEpE
Pa3BUTHS CKUMAIOIINX CHJI, MPEBBIIIAOIINX NP/ MPOYHOCTH BEIIECTBA
Ha CXKaTHe.
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| — TpemmHbI CKaNbIBaHus; 2 — TPEUIMHBI OTPHIBA; 3 — HAIPABIICHUE
CHKUMAIOILIETO yCUIUS

Pucynok 18 - IIpumepnas cxema pa3pyiieHus: o00pas3ioB TOPHBIX
MIOPO/I HA OMBITAX MPHU UX Pa3AaBINBAHUN

Ecnu npeBslillieHne NMpoOUCXoauT BIoJb ocu C, oOpasyercs IBe CHC-
TEMBI TPEIIMH CKAJILIBAHHWS M OJHA CHCTeMa TPEIIMH OTphiBa. B ciyudae,
€CJIM TaKoe IMPEBBIIIICHUE BO3HUKIIO M B HalpaBlieHHH ocu B, obpasyercs
elle JIB€ CHUCTEMbl TPEIINMH CKaJbIBAaHWUA W €IIe OJHA CHUCTEMa TPEIIUH
oTpbiBa. HakoHel, B yCIOBHUSX peau3allii CBEPXBBICOKHUX CIKMMAIOIINX
yCuiIui (CKaThe W B HAMNpPABICHUU OCH A MOXKET IPEBBICUTH Mpeael
IIPOYHOCTHU BEIIECTBA TOPHOU MOPOJbl) 00pa3yrOTCs JIBE HOBBIX CHUCTEMBI
TPEIINH CKaJbIBAaHUS U OJHA — OTPpbIBA. Takum oOpa3oM, OJHOAKTHO, IMPHU
OJIHOM IUIaHe Jedopmaiuii MOXKET OJTHOBPEMEHHO 00pa30BaThCsl IIECTh
CHUCTEM TPCIIMH CKaJbIBAaHWUS M TPU — TPEIIMH OTPbIBa (BCETO JIEBSTH
CHUCTEM).

MaccuB TOpHBIX MOPOJ B MPOIIECCE CBOETO CYIIECTBOBAHUS B TeUe-
HUE JUTUTEIILHOTO BPEMEHH, TOPOH B COTHU MUJUTMOHOB JIET, HEOJHOKPAT-
HO TIOABEPTaJiCs Pa3HOCTOPOHHUM CXKHUMaromuM ycwiusMm. Ilpu cmene
miaHa JaedopManuii 3aJI0’)KEHHbIE paHee TPEIIMHBI MOTJIA TIOTHOBIISTHCS,
IIPHY 3TOM MOT U3MEHUTHCS MX TeHETUYECKUN THIl. Tak, 3aj0)KeHHas paHee
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TpeIllMHA CKaJbIBaHUS TPU HOBOM IUIaHE Jaedopmainuil MOXKET 3aHATh
MOJIOXKEHHE, OTBEYAIOIIEe OPUEHTUPOBKE TPEIMH OTphiBa. [Ipu 3TOM OHa
HAYMHAET BBHIMIONHATH, (YHKIUMU OTpPbIBA, TO €CTh pacCKpbIBaThCcs 0€3
CYILIECTBEHHBIX TepeMenieHuit O050koB. [lpu sToM 3akiangsiBaloTcs U
HOBBIE CHUCTEMBI TpemuH. [IpakTHyeckn B TaKMX MAacCHBaX HACUUTHIBAIOT
1o 12 cucrem TpemuH.

PaccmoTprM coOTHOIIEHHE Pa3pPhIBHBIX U TPEHIUHHBIX CTPYKTYP.

JItob0o€e TEKTOHWYECKOe HapylleHUEe OBbIBAET OKPYKEHO «POEM»
TEKTOHMYECKUX TpeuuH. C npuOIMkKeHUEeM K HapyLICHHUIO TPEUIMHOBA-
TOCTh yBenuuuBaercd. Ha pucynke 19 paccmoTpeH mexaHusm Qop-
MHUPOBAHUS ONEPAIONINX TPEIIUH B CBA3U ¢ B30pocoM. Octperit yroa ()
TPEIIMH OTPhIBA HAMpPaBJEH B CTOPOHY ABMKEHHS OJjioka. Tymoi yrom (o )
TPEIUH CKAJIbIBAaHUS 0003HAa4YaeT TOXKE HaIlpaBJICHUE.

1 — opueHTUpOBKA dJUIUIIcCOn A Aeopmaluu; 2 — KpyroBbie
CEUYCHUS; 3 — TPEUIMHBI CKAJIbIBaHMS; 4 — TPEIIMHBI OTPBIBA; 5 —
HampaBJIeHue JIEUCTBUS CUII IIpU B30poce; 6 — B30Opoc

0L — YTOJ MEXAY IIOCKOCThIO HAPYIICHUS U TPEIIMHAMU
CKaJIBIBAHMSI, 3 — yroJI MEXIy HapyIICHHUEM U TPEIIMHAMHU OTPHIBA.

Pucynok 19 - Mexanu3m 00pa3oBaHus ONEPSIONINX TPEIIUH B CBI3U
C B30pOCOM (TOTEPEUHBIN pa3pes)
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ConpsizkeHne CKJIATYATHIX U TPEIIMHHBIX CTPYKTYP MTOKa3aHO Ha
pucyske 20.

B cBs3u co ckIag4aTocThio 00pa3yroTCA MPOAOJbHBIC TPEIIUHBI
CIUTIOIIIMBAHUS, TOMEPEYHbIE TPEUIMHBl OTPbIBA W JUAroHaJIbHBIC
TPEUIMHBI CKaJIbIBAHUS (TI0 OTHOILICHUIO K OCEBOM MIOCKOCTHU CKIIAJIKH).

I — OCh aHTUKJIMHAJIBHOW CKJIAJKU; 2 — OPUEHTUPOBKA 3JUIUIICOUIA
nedopmanuu; 3 — TpeIMHbI CKAJIbIBaHUS; 4 — TPEIIUHBI OTPBIBA; 5 — Tpe-
1MHbI crumonuBanus; A, B, C — rinaBHbie ocu aedopmanuu

Pucynok 20 - CooTHOIIIEHHE CKJIa4aThIX U TPEIIUHHBIX CTPYKTYP
(rnan)

KanBax (Menkast TpeIMHOBATOCTh B YTIICHOCHBIX TONIIax). s
YTOJBHBIX MECTOPOXKACHUN XapaKTEPEeH OCOOBI BUJ OUYEHb MEJKON Tpe-
IIMHOBAaTOCTH, KOTOpas pa3OMBaeT MOpPOAY Ha BJIEMEHTHl pPa3MepoM B
NEepBbIE CAHTUMETPHI B nonepeuHuke (1 Menee). KimBax cBA3bIBaeTCA CO
CKJIAIYaTOCThIO YIJIEHOCHBIX TOJII. B CIOHCTBIX MOpoAax YIIE€HOCHBIX
TOJIII OOBIYHO COJEPKHUTCS OOJBIIOE KOJUYECTBO MEJIKUX TPEIIUH, OYCHb
YXY/IIAIIMX CBOMCTBA MAacCUBA. JTH TPELIUHBI CBSI3aHbI C «TEUCHUEM))
NOpOJl B TBEPJIOM COCTOSIHHUM BJOJIb MMapajuleNbHBIX IUIOCKOCTEW. [Ipm
3TOM BO3HMKAET MAapaJUICNIbHAs OPUEHTUPOBKA IUIOCKUX W YJJIMHEHHBIX
MuHepayioB. Ilopoma mpuoOpeTaeT CBOWCTBA MENKOM JETUMOCTH, Ja)e
ceiriercs. CymecTByeT TpU BUia TeUEHUs (PUCYHOK 21): KIIMBaX TEUCHUS
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(Bce 3epHa MUHEpAJIOB OPUECHTUPYIOTCS MapajlIeIbHO), KIMBAX pazjioma
(mepemelieHUE WIOET BAOJIb MHUKPOTPEIIMH, a 3€pHAa MOrYT OBITh
pPa3ynopsiI0OUueHbl), KIMBaXX CKaJbIBaHUs (YHOPSIIOYEHHOCTh B OPUEHTH-
POBKE 3€peH HAOII0JAETCS TOIBKO BJIOJIb MUKPOTPEIINH ).

-~ ~ ~ ._;'
b y }}( -f"* = i
s - ¥ " i G e ’
e K o AN x Ll VS
R > 2 . 7N N — - 5 =
— @ » " TN - - — -
e 8 A7 N Yo 45 d N
N — e ~ ,\/ /x\ \‘,,/ P / S / r A 4
Ll e A e — o —— - —_—

| — mapannenpHast OPpUCHTUPOBKA 3€PEH MUHEPAJIOB, 2 — pa3ynopsi-
JOYECHHAs: OPUEHTUPOBKA 3€PEH MUHEPAJIOB, 3 — YIIOPSAI0YEHHAS
OPUEHTUPOBKA 3€PEH MUHEPAJIOB
a — KJIMBaX T€YCHUS; O — KJIMBaXK Pa3jioMa; B — KJIIMBAXK CKaJIbIBAHUS

Pucynok 21 - Mexanu3m 00pa3oBaHusi MEJIKON TPEITMHOBATOCTH
(kMBaXka)

OObuHO Haubosiee BBIPAKEH TaK Ha3bIBAEMbIH KJIMBAXK 0CEBOi
1ockocT. OH OPUEHTHUPOBAH MapaJUIEILHO OCEBBIM IJIOCKOCTSM CKJIa-
7oK. ['eHeTH4YeCKn OH OTBEUaeT TPEIIMHAM CIUTIONIMBAHUS W Pa3BUBAETCS
B I1ocKkocTy AB riaBHBIX ocelt Aedopmaruu (pucyHok 22, 23).
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1 — opueHTHpPOBKA AruHIIcCOUIa eopManium; 2 — TPEIIUHBI
CIUTIOIMBAHMS; 3 — TPEIIMHBI CKAJIBIBAHUS, COBIAJAIOIIHNE CO
CJIIOUCTOCTBIO; 4 — KpYTOBBIE CEUEHHUS; 5 — OCEBasl NIOCKOCTh CKIAAKU

Pucynok 22 - KinuBaxk 0ceBOM MIOCKOCTH (TEHETUYECKH OTBEYAET
TpEIIMHAM CIUTIOIIMBAHMS)

1 — oceBast IIIOCKOCTh; 2 — TPEIIMHBI KIIMBaXa 0CEBOM IUIOCKOCTH

Pucynok 23 - KnuBax 0ceBOM INIOCKOCTH B CIIOKHOCKJIAT4aTOM TOJIIIE
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2 MeToapl u3y4eHHsI TPEIIMHOBATOCTH

[Ipu u3ydyeHUU TPEIIMHOBATOCTH OCHOBHOE BHHUMAHHE YIEISETCA
CJIEIYIOIIUM BOIIPOCAM:

1) npocTpaHCTBEHHAss OPUEHTUPOBKA TPEUIMH U CUCTEMbI TPEIIUH,
YCTaHOBJICHUE TJIABHOTO MJIM TJIABHBIX HANPABICHUM pa3BUTHUS TPEIIUH;

2) Mopdosiorusi TPEIIMH W UX COOTHOIIEHHE CO CIOAMH TOpPOJ,
CKJIaJIKaMH, pa3jioMaMH C IEJIbI0 BOCCTAHOBJICHUSI TEHETUYECKOTO THIA U
BUJIa TPEIIUH U JJI BBIJICTICHUS PETHOHANBHBIX U JIOKAJIbHBIX TPEUIUH;

3) ompeneneHre MHTEHCUBHOCTH TPEIIMHOBATOCTH TOPOJ C IIEIBIO
KOJTMYECTBEHHOW OIIEHKH CTEMEeHH Pa3apOo0JIECHHOCTH TMOPO/I, BBIJICICHUE
YYaCTKOB, Pa3IUYaloOIUXCs 10 MHTEHCUBHOCTH TPEIIMHOBATOCTH;

4) onpeneneHue MJIWHBI, IUPUHBI (PACKPBITHUS) TPEIIUH, COIPOTUB-
JIEHUE CIBUTY MO TPEILHHE;

5) olleHKa BIUSHUS TPEIIUH U CUCTEM TPEUIUH KaK MOBEPXHOCTEH U
30H OCJIa0JICHUSI Ha MPOYHOCTb, JePOPMUPYEMOCTh U BOJOIPOHUIIAC-
MOCTh TOpOJI, OIlEHKAa WX BIUAHUS Ha YCTOWYMBOCTh MECTHOCTH U
POEKTUPYEMBIX COOPYKEHUN;

TpenmHoBaTOCTh U3y4aeTCAd Pa3HbIMU METOJIaMH: 3apUCOBOK U (o-
TorpadupoBaHusl, KAPTUPOBAHUS U MOJICIUPOBAHMUS, T€ODU3NUESCKUMU ME-
ToAaMHu. BbIOOp MyHKTOB HAOIIOJCHUM MpPU U3YYEHUU TPEUIMHOBATOCTH
uMeeT OoJibiioe 3HaueHre. OHU MOTYT pacroJjiaratbes Ju0o Oojee wiu
MEHEE pPaBHOMEPHO Ha BCEW IUIOMIAMW, MOJUICKAIIEH H3Y4YEHHUIO, JIHOO
HAOJIOZICHUS MPOU3BOAATCS JUIIb HAa YYacTKaX, CIEIHAIbHO BbHIOPAHHBIX
U1 3To 1enu. PacnonararoTcsi OHU Tak, YTOOBI B pE3yJIbTaT€ MOXKHO
ObLIIO OBl JJaTh XapaKTEPUCTUKY TPEIIMHOBATOCTH JJIS PA3JIUYHBIX CTPYK-
TYPHBIX 3JIEMEHTOB — KPBUIbEB CKJIAJOK, UX OCEBBIX YaCTEW U MOTPYKe-
HUW, JJIs TIOPOJ Pa3IUYHOTO COCTaBa WM KOMIUIEKCOB TOPOJ, ISt
OTJIENbHBIX CBUT, TOJIIL U T.].

KonnuecTBo BEIOpaHHBIX YYACTKOB 3aBUCUT OT CJIOKHOCTH T'€OJIOTH-
YECKOr0 CTPOEHUS — YEM OHO CJIOKHEE, TEM OOJIbIIIEE KOJIUYECTBO Y4aCT-
KOB HEOO0Xonumo mnoaouparb. Pasmep momankud s HU3y4CHHUS
TPEIIMHOBATOCTH JOJDKEH OBITh TaKUM, YTOOBI Ha HEW pacmoJiarajioch He
meHee 70 (kematenpbHo 100 — 200) TpemuH. Jlo Havaia paboT IO U3yUe-
HUIO TPEUIMH HEOOXOIMMO Ha y4YacTKe, TJI€ MPOU3BOMASITCS HU3MEPECHUS,
BBISICHUTB DJIEMEHTHI 3aJIeraHus IJIaCTOB TOPHBIX MOPOJ, CIAHIEBATOCTH,
CIOUCTOCTH U JIPYTUX OPUECHTUPOBAHHBIX TEKCTYP.
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[Ipu ompeneneHuu OPUSHTUPOBKH TPEIIUH B MIPOCTPAHCTBE U3MEPSI-
IOT JJIEMEHTHI 3ajieraHus TMOBEPXHOCTH TPEUIMH TOYHO TakK >Ke, Kak
U3MEPSIIOT JJIEMEHTHI 3aJIeTaHUs IJIACTOB TOPHBIX TOPOA. 3aMepstoTCs
a3UMYT TPOCTHPAHMS, a3UMyT MAJCHUS M yroj mnajaeHus. M3mepsercs
JUTMHA TPEIIUH, PACCTOSHUE MEXIY HUMH, CTETICHb PACKPBITUS, TEHE3NUC,
MUHEpaIU3aIis TPEeIMH W WX OOBOJHEHHOCTh, BO3pacTHbIE U
IIPOCTPAHCTBEHHBIC B3aMMOOTHOIIICHUS U JIPyTHUE CHCIMaIbHbIC TapaMeT-
pel (1eOuT, TeMmieparypa, COCTaB BOJ). Pe3ynpTaTbl BceX H3MEpEHUU
3aIIMCHIBAIOTCS B TaOJIUYHON (popMme.

3 MeToabl 00padOTKH M U300paKeHHsl Pe3yJIbTaTOB MACCOBBIX
3aMepOB TPeUIuH

[Tpu u3yueHuu TPEnmHOBATOCTH TOPHBIX TTOPOJ] CKAIIUBACTCS 00JIb-
III0€ KOJIMYECTBO 3aMepoB, TPEOYyIOMMX JajJbHEHIIEH OTpabOTKU s
BBISIBIICHHS TIPEO0IaIaroNuX nmapaMeTpoB TpeniuH. OCHOBHBIM METOJI0OM
00pabOTKHU SBISETCS CTATUCTUUYECKUMU, BBHITIOTHSIEMBIN MTyTEM MOCTPOCHUS
pPa3IUYHBIX JUArpaMM TPEUIMHOBATOCTH — MPSIMOYTOJBHBIX, PO3-IUar-
paMM, TIOJISIPHBIX, CPEPUIECKUX U JIp. B OCHOBE MOCTPOCHUS TaKWX JUar-
paMM JTOJDKHO JIeKaTh MPEABAPUTEIHHOE pa3eiCHUE TPEIHH M0 TeHE3U-
cy, 06e3 4ero mojydeHHbIC TuarpaMMbl JTal0OT MCKa)KEHHBIC IPEICTaBIIC-
HUs, TMO0 UMEIOT BHUJ «3BE3AHOTO HEOa», XOTs B PsAJIC CAydaeB JAHarpaM-
MBI TIOMOTaIOT BBISICHUTH T€HE3UC TPEIIIKH.

3.1 Memoouka nocmpoenus po3vl-Ouazpammsbl mpeuwiuHo8amocmu

[To Ol METOAMKE CTPOSITCS PO3bI-TUATPAMMBI paclpeeiIeHus: Tpe-
IIMH [0 a3UMyTaM MaJeHUs U YrjaM MajeHus. 3aMepbl 3TUX MapaMETPOB
TPEIINH TPYIIUPYIOTCS O JIFOOBIM BBHIOpAHHBIM HMHTEpBajaM, HapUMep,
gepes 5, 10 mwin 30°. B ofHy rpymmy OTHOCST TPEILHHBI, a3UMyThI HIIH
YTJIbl TAJICHUS] KOTOPBIX HAXOJMSTCS B IIpeeax TOro Wid MHOTO UHTEPBa-
na. OnpenensieTcss KOJIUYECTBO TPEIIMH B KaXKJIOM HMHTEpBasie (IUTYK) U
MPOIIEHT 3aMEPOB, IIPU ITOM 00IIIe€ KOJUYECTBO 3aMEPOB MPUHUMAETCS 3a
100%. [nsa nzo0OpakeHusl a3UMMyTOB IaJICHUs pO3y-AuarpaMmy CTpOST Ha
MOJIHOW KPYTOBOM CETKe, JIs M300paKeHUsI YTJI0B MajiIeHUus ObIBaeT JI0CTa-
TOYHO OJIHOTO KBajipaHTa (pUCYHOK 24).

Ha ocHoBaHuM nauarpamm Jenaercsl 3aKI0UCHUE O KOJIUYECTBE CHUC-
TE€M TPEIIHNH, TPUBOJUTCS XAPAKTEPUCTUKA KAXKIOM CUCTEMBI C YKa3aHUEM
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Pucynok 24 - Po3a-nnarpamma pacnpeneneHus TPEWUH 110
a3uMyTaM TajJieHus (a), po3a-auarpaMmma pacipeaeieHus TPEIH 1o
yriiam najieHus (0)

F€HETUYECKOI'0 THIIa, OMMCHIBACTCS OOIlas HapyIIEHHOCTh MacCuBa TOp-
HBIX TIOPOJ U JICJIAaI0TCS BHIBOBI.

CylIecTBEHHBIM HEIOCTATKOM PO3-IUarpaMM SIBISETCS HEBO3MOXK-
HOCTh M300paXKEHUS Ha OJTHOM JuarpaMme BCeX JaHHBIX M0 3aMepaM.

3.2 Memoouka nocmpoeHusa u aHaau3a mo4e4Hvlx ouazpamm
mMpeuwjuHo8aAMOCMU HA NOJIAPHOU A3UMYMANbHOU CeMKe

B Toueunbix AuarpamMmax 3JICMCHTHBI 3aJICTaHHA (aBI/IMYT maacHuAa "

yTOJI MaJICHUs1) TPEIIMHBI HAHOCATCS B BUJIE€ TOUYKU HA CHEHHAIBHO TOCT-
POCHHYIO CETKY (pUCYHOK 25). JIJi1 M3roTOBJIEHUS! CETKU KPYT MPOU3BOJIb-
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HOTO paauyca pa3OMBaeTcsi paJuycaMu U OKPYKHOCTAMH. BuemrHss
OKPY>KHOCTh CETKH Tpaiyupyercsi [0 Xoay 4acoBoil crpenku ot 0° 1o
360°, mo 3TOM MIKalle OTKIAABIBAIOTCS a3MMYThI MAJEHHUS IIJIOCKOCTEM.
Yrael majgeHus OTCYUTHIBAIOTCA MO KOHIICHTPUYECKUM OKPY>KHOCTSIM OT
nenrpa k nepudepun (ot 0° g0 90°).

Kaxknas TpemiuHa Ha auarpaMMe mM300pakaercs B BHAE TOYKH,
M0JI0’KeHUE KOTOPO# onpeeisieTcs: a3UMMYTOM NMAaJAeHUus U YIJIOM maje-
HMs 3TOM TpemuHbl. [lo3TOMy Kaknas TpeminHA MMeeT eJUHCTBEHHOE
M0JIOKeHHe Ha auarpamme. Touka Ha aumarpaMMe — 3TO HOPMAJIb
(moJsiroc) TpemMHBI, T.e. NMPOEKUUHA JHHHH, NEPHEHAUKYJIAPHOH K
IUIOCKOCTH TpemuHbl. Hanpumep, Ha nuarpamme (pucyHOK 25) mokasa-
HBI JIB€ TPELMHEL: IIEPBas UMEET a3uMyT naaenus 45° u yron nagenus 80°,
BTOPOIi a3umyT naaenus 90°, yrox nagenns 30°.

Ha TodeuHbIX AuarpamMMax TOpPU30OHTaJbHAS IUIOCKOCThH (TpEIMHA,
Kujda W TMp.) TPOCKTUPYETCS B BUJEC TOYKH, JIeKalled B IEHTPE
nuarpaMMbl. Bce HaKJIOHHBIE TIIOCKOCTH MPOCKTUPYIOTCS B BUJIE TOUYEK B
CpEAHEN YacTHU JUArpaMMbl MEXIY BHEIIHEW OKPYKHOCTBIO U LIEHTPOM.
[Ipu 3TOM, UeM Kpyue TPEIIUHBI, TEM OJIHKE K BHEITHEH OKPY>KHOCTH pac-
MoJiaratoTCsl UX MPOEKIIMU U HA000pOoT. BepTukaibHbIE MIOCKOCTH MPOECK-
TUPYIOTCSI Ha BHEUIHIOIO OKPYKHOCT.

Kaxnast Touka Ha quarpaMMe MOKa3bIBAET OPUEHTUPOBKY OTACIBHON
TpeuHbl. YUCI0 TOUEK HA AUArpamMMe COOTBETCTBYET YMCITY BBITTOITHEH-
HBIX U3MEPEHUHN TPEIIUH.

KoHlleHTpanus TO4YeK B KaKOW-IMOO YacTW JuarpamMMbl MO3BOJISET
BBIJICTIUTh CUCTEMbI TpeuiuH. [Ipu 3TOM Mo auarpamMme MOKHO OILIEHUTh
npeaeiabl U3MEHEHUS 3JIEMEHTOB 3aJIEraHusl KaXKJI0M CHUCTEMBbI TPEIIUH U
MOJIYYHUTh CPEJHEE 3HAUCHUE BJIEMEHTOB 3aJIETaHUSI CUCTEMbI, OLIEHUTD OT-
HOCHUTEJIbHYI0 MHTEHCUBHOCTh CUCTEM TPEIIHH.

XapakTep pacnpenesieHus MOoJICOB TPEIIUH (TOYEK) Ha AUarpammax
MOXET ObITh pa3nuuHbIM. OH 3aBUCUT OT T'€OJOTMUECKUX YCIOBHM BO3-
HUKHOBEHUS TPEIIUH U ABJISIETCS BaXKHBIM MOKa3aTeJIEeM MPU aHAJIU3€E Tpe-
mHoBatocTH. [lo XapakTepy pachpenesieHusi MOJIIOCOB Ha JHarpaMme
pa3IM4aroT TPU OCHOBHBIX THUIMA JHArpamMM: C TOSICOBBIM (PUCYHOK
26, a-T), TUCKPETHO-CUCTEMHBIM (PUCYHOK 26, 1-kK) U XaOTUYHO-Oeccuc-
TEMHBIM (PUCYHOK 26, 3) pacnpeaeieHueM MoocoB TpeiuH. [Ipu mosco-
BOM pacHpeiieleHHnd OOJIBIIMHCTBO MOJIIOCOB Ha JUarpaMMme pacroJiara-
€TCA BJIOJb KaKOW-TMOO JIMHUU, HE CO3/1aBas 3aMETHBIX KOHIEHTpAaIUil
MOJIIOCOB B Tosice. [Ipu AMCKPETHO-CUCTEMHOM pacipeaeiIeHUH MOJII0Cca
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Pucynok 25 — IlomsipHas asuMyTaibHas Ce€TKAa Uil MOCTPOECHHUS
TOYEYHBIX KPYroBhIX auarpamm (1, 2 — TpeluHbl Ha AMArpaMMe;
TpemuHa 1 — asumyr nagenus 45°, yron nagenus 80°; pemuna 2 —
asumyT nagenus 90°, yron nmagenus 30°)

PucyHok 26 — JluarpamMmbl TpEIIMHOBATOCTH C MOSICOBBIM (a-T),

JTUCKPETHO-CUCTEMHBIM (1-K) U Xa0TUYHO-0€CCUCTEMHBIM (3)
pacrpezieieHUEM MOTI0COB TPEITUH
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TPEIIUH TPYNIUPYIOTCA B OTJEIbHBIE 00JIEE NI MEHEE BhIPAKEHHbIE
CKOIUJIEHUSI (MAaKCUMyMbI), KOTOPbIE COOTBETCTBYIOT CHUCTEMaM TPELIUH.
[Ipr XaOTHYHOM pacHpeIeICHUH TOJca PACIpPEICICHbl HA TharpaMme
PaBHOMEPHO. B COOTBETCTBUU € 3TUM BBIIEISAIOT MOSICOBYIO, CHCTEMHYIO U
OEeCCUCTEMHYIO TPELIMHOBATOCTh. Hepeko BCTpeuaroTcsl MPOMEKYTOUHBIE
THUIIBI TUArPAMM U TPEITUMHOBATOCTH.

Ha  ToueuHblx jJuarpaMmax  TPEIIMHBI  PA3JIUYHOIO  THUIMA
PEKOMEHIyeTCs TOKa3bIBaTh Pa3HBIM LIBETOM WJIM pa3HoOM (opmoil 3HaKa
(TOUYKH, KPY>KKH, KPECTUKH U T.1.). KpoMe 3aMepoB TpemuH Ha AuarpaMmme
pa3HBIMM 3HAaKaMH HAHOCSAT TMOJIOCA KWJ, J1aeK, SJEMEHTHl 3ajeraHus
CJIOUCTOCTH, ITOJIOCYATOCTH U TIP.

IIpumep onucaHus JMarpaMMbl TPEIIIMHOBATOCTH

Nz

a — rarpaMMa TPEIMHOBAaTOCTH: | — TPENTUHBI OTPHIBA; 2 — TPEIIUHBI
CKaJIbIBaHUS;, 3 — CJIOUCTOCTh; 4 — MarHeTUTOBbIC KUJIbI; I, 11, 11T —
CHUCTEMBI TPEIIKH; 0 — OJIOK-IHarpaMma, Ha KOTOpOM MoKazaHa
npoctpancTBeHHas opueHtuposka I, I1, III cucrem Tpemus,
BBIJICJICHHBIC HA THarpaMMe TPEIIMHOBATOCTH (a)

Pucynox 27 — TpemuHsl B IECYaHUKAX PYAHOTO MOJIS
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1. B mpenenax pyaHOro moJisi B eCYaHUKax ObLI MPOBEACH Macco-
BbIi 3aMep TpemuH (50 mT.). OpueHTUPOBKA TPEIIMH IMOKa3aHa B BUJE
TOYEYHOM KPYrOBOM JHArpaMmbl, IOCTPOCHHOW Ha IMOJIIPHOU a3UMYTallb-
HOU ceTke (pucyHok 27, a).

2. AHaimM3 nuarpaMMbl MOKA3bIBAET, YTO ITOJKOCA TPEIIMH HUMEIOT
JTUCKPETHO-CUCTEMHBIN XapaKTep pacnupeAeieHus, FPynnupysch B 3 Mak-
cuMyMa (CKOIUICHHMS) TIOJIFOCOB, KOTOPhIE COOTBETCTBYIOT TPEM CHUCTEMAM
TPEIINH. OJTO CBHUAECTEIBCTBYET O TOM, YTO B IIECUAHUKAX pPA3BUTA
TMCKPETHO-CUCTEMHAS TPEIIMHOBATOCTh C TPEMSI CUCTEMAMHM TPEILMH.

3. I cucrema TpenuH oOpa3yeT MaKCUMyM IIOJIOCOB TPEIIMH B
LEHTPE AMarpaMMbl. TpEIIUHBI 3TOM CHCTEMBI MMeIOT mosorue (5-15°)
yTJIa NaJEHUS U IEPEMEHHBIE a3UMYThI MAJICHUA. Y CPEAHEHHbBIC 3HAUYCHMUS:
a3uMyT mazenust — 150°, yrox magenns — 15°.

II cucrema TpeuuH o0pa3yeT MaKCHMyM TIOJIFOCOB B CEBEPHOMU
YaCcTH JuarpaMMbl. TpEMMHBI DTOH CHUCTEMBI UMEIOT KpyThie (60-85°)
YIIIBI TTAJICHKS, a3UMYTHI TIaJeHUsT MEHSIOTCS B TIpenenax 335-15°. Vepen-
HEHHBIE 3HAUYEHMS: a3UMYT HaaeHus — 5°, yron magenus — 75°.

III cucrema TpemuH oOpa3zyeT MAaKCUMYyM MOJIIOCOB B BOCTOYHOM
YaCTH JuarpaMMbl. TPEIIUHbI 3TOM CHCTEMBI UMEIOT KpyThie (60-90°) yr-
bl MAJEHUs, a3UMyT NajeHus u3MeHsercs B npeaenax 45-105°. Yepen-
HEHHBIE 3HAUEHMS: a3uMyT mafenus — 90°, yron nagenus — 45°,

4. B menom mJisi MECYAaHUKOB XapaKTEPHO PE3KOE MpeodIiaaHue
kpyronanaronmx tpemuH (II u 11 cucremer).

5. W3 nuarpammsel BujHO, uTo cuctemsl II u 111 oGpa3zoBaHbI CKOJIO-
BBIMU TPEIIMHAMHU, a CUCTEMA | — TpelmmHaMu OTphIBA.

6. Pynnas MuHepamusanusi mpelcTaBlieHa >XKuUiaMu marHerurta. Ha
nuarpaMmy (pUCYHOK 27, a) BBIHECEHO HECKOJIBKO 3aMEpPOB KWJI B BHUJIE
KpecTUukoB. M3 nuarpaMmbl BUIAHO, YTO KWJIbl U TPEIIUHBI cUCTEeMBbI 1l
MMEIOT OJMHAKOBYK) OPUEHTHUPOBKY, T.€. TPEIIMHBI cucTeMbI Il BMemaroT
PYAHYIO )KAJIbHYK0 MHUHEPATU3ALUIO.

7. Ha nuarpamMme ABOWHBIM KPY’KKOM ITOKa3aHa OPUEHTUPOBKA CIIO-
ucroctu. Mcxonss M3 OPUEHTUPOBKM CIIOMCTOCTH M CHUCTEM TPEIIUH,
MOXHO OTMETUTh, 4YTO BTOpasi CHUCTEMa TPEUIMH W PYJIHbIC KUJIbI
Pa3BUBAIOTCS COIJIACHO (MapajuieiabHO) CIOUCTOCTH, a cuctembl I um III
OPHUEHTHUPOBAHBI EPHEHIUKYIISIPHO CIIOUCTOCTH U APYT APYTY.

Jlns  Oonee HAMISIAHOTO TPEACTABICHUS O MPOCTPAHCTBEHHOM
OPUEHTUPOBKE M B3aUMOOTHOIICHUU CUCTEM TPEIIWH, CIIOUCTOCTU U KU
MOCTpOeHa OJIoK-AuarpamMma (pucyHok 27, 0).
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3.3 Memoouka nocmpoeHus u anaiuza ouazpamm
mpewyuHo8amocmu Ha cmepeozpaguueckoil npoeKyuu

[Ipu ycinoBum pa3BUTHS MIPEUMYIIIECTBEHHO KPYTOIAAIOIINX CUCTEM
TPEIINH CTATUCTUYECKYIO 00pa0OTKY MacCOBBIX 3aMEpPOB TPEIIUH y100HEES
OCYILLIECTBIIITh HA CTEPEOrpaMUYECKOd NPOEKUUU C HCIOJIb30BAHUEM
PaBHOILIONIAIHON CeTKU. PaBHOIIONIaAHAs CeTKa sABIsIeTCS cTepeorpadu-
YECKOM MPOEKIMEN Ha MIIOCKOCTh AKBaTOpa (pucyHok 28). [Ipu HaneceHuun
JAHHBIX Ha PABHOIUIOIIAJHYIO CETKY MOCIEIHSAS PacCMaTpUBAETCS Kak
mpoeKIus BepxHer moiycdepsl (pucyHok 28,a). Ha nuarpammy TpemmH
BMECTO CaMUX IIOCKOCTEH TpEIIuH, KOTOpbIe N300pa)kaauch Obl HA CETKE
B popMe JTUHUM OOJIBIINX KPYTOB, YTO OBLIO ObI YPE3BBIUAWHO TPOMO3JKO,
HAHOCST TOJBKO MPOEKIIMU TOYEK MEepPEeceueHHs] ¢ BepxHeu mnoiychepoit
HOpMaJiel K IUIOCKOCTAM TpemuH (pucyHok 28,6). Takum oOpazowm,
Kakjas TpelrHa U300pa3uTcs Ha JuarpamMme TO4Ykoil (moJjirocom). Jluar-
paMMa COCTaBJISIETCS] HA JIUCTE KAJIbKU, KOTOPBIA HAKIaJAbIBACTCSl HA CETKY,
ciayxaugyto Tpadaperom. Ha kanbke mpodepumBaeTcsi Kpyr, COOTBETCT-
BYIOLIUMN BHEIIHEMY KpYry CeTKu-Tpadapera, U Ha Kpyre OTYETIUBOU
yepToid 0003HAYaeTCsl MECTO HYJsl, KOTOpPOE OJHOBPEMEHHO SBIISETCS
OPUEHTUPOBKOM NHarpaMMbl, yKa3blBasi HallpaBiieHHE ceBepa. bymaknas
KaJibka B IIEHTPE YKPEIUIAeTCs] HEOOIBIINM KYCOUYKOM JICUKOIUIACTBIPS U
HaKaJIbIBAECTCS HA LIEHTp TpadapeTa, 4To 00ecrneunBaeT BpalleHuEe KaJlbKU.

@ - TIOCTPOSHHE TIPOCKIINM TPEIIUH; 6 - TPUMEPHBbIC H300pKEHUS
OPHUEHTHPOBOK TPEIIMH HA CETKE PABHOILIONMIAIHON TPOCKITUN

PucyHnok 28 - Cxembl, MOACHSIONIKE CIIOCO0 N300paKEHUS
MIPOCTPAHCTBEHHOTO MOJOKEHUS TPEIIHHBI
Ha CETKE PaBHOILIOMIAIHON MPOSKITUU
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IIpy HaHECEHUM TOYKHM, XapPaAKTEPU3YIOLIECH JJIEMEHTBI 3aJIeraHus
TPEMUHBI (a3UMYT U Yroj MaJeHus), COBMEUIAEM MECTO HYJSl KAJIbKU C
mugpoil Ha OOJBIIOM Kpyre, COOTBETCTBYIOUIEH a3UMYTy MaJeHus
TPELIMHBbI, M CTAaBUM TOYKY Ha BEPXHEU I[IOJIOBUHE LIEHTPAIBHOTO
MEpUAMaHa CETKH OKOJIO IU(pbI, COOTBETCTBYIOUIEH YTy MNaJcHUS
TpenuH (pucyHok 29).

febep

F 143. ”3 :;40”
Yz 55°

Ax.nd 250°
Ye ¥5°

Pucynok 29 - Cxema, nosicHsiro11asi Crioco0 HaHEeCEHHUs JaHHbBIX
(3amMepoB TPEIIMH) HA KAJIbKY, HAUIOKEHHYIO Ha
TpadapeT CETKU paBHOILIONIAHON MTPOESKIINU

OTMeTHM, 4TO TOYKH, NAJAroNIie Ha JUHUIO BHEIIHETO Kpyra, T. €.
COOTBETCTBYIOIIIME BEPTUKAIBLHBIM TPEHIMHAM, MOTYT C PaBHBIM IIPaBOM
OBITh HAaHECEHbl KaK Ha OJHY CTOPOHY OOJBIIOrO Kpyra, TaKk M Ha €ro
MPOTUBOIOJIOKHYIO CTOPOHY (TIOTOMY 4YTO Yy BEPTUKAJIbHOW TPEUIUHBI,
POCTUPAIONICICS, HAPUMEpP, IIUPOTHO, UMEIOTCS JIBa a3UMyTa MaJCHUS
- Ha cesep, T. €. 0° mox yriiom 90° u ¢ TakuM K€ OCHOBAHUEM Ha IOT, T. €.
180° mox yrimom 90°). OnHaKO HAHOCUTCS TOJIBKO OJHA TOYKa (JiroOas u3
TIBYX).

B pesynpTaTe HaHeCceHHUS BCEX 3aMEpPOB JIAHHOTO OOHAKCHMS
MoJly4aeM TOYEUHYI0 Auarpammy. Ho TodeuHast nuarpamma HEJ0CTaTOYHO
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HarjIsilHa ¥ HE CpaBHMMA C TaKMMM K€ TOUCUHBIMM JUarpaMMaMiu, B
KOTOPBIX KOJWYECTBO MCXOJHBIX HAOIIOICHUN 3HAYUTEIIBHO Pa3invaeTcs
Mexay coooi. [ToaToMy ToueuHyI0 nUarpaMMy MEPEBLIUUCIISAEM U BbIUEP-
YUBAaeM Ha €€ OCHOBE JHarpamMmy B U30JHUHUSX OTHOCUTEIBHOW IIOTHOC-
TH TO4YeK. J[JIsl 3TOro KaJibKy TOUEUHOU JuarpaMMbl HAKJIQJIbIBAEM Ha CaH-
TUMETPOBBIN Tpadapet. [Ipu momMomu apyroro BCroMoraresibHoro tpada-
peTa, MPeICTaBISIONIEr0 KPYKOK pauycoM B 1 cM, KOTOPBIA NP JUAMET-
pe auarpammbl 20 CM 3aHUMAET IUIOLIA/b, paBHYIO 1% muomagu auar-
paMMBbl, YCTaHABIMBAEM IUIOTHOCTH (KOJIMYECTBO TOYEK), MPUXOIAIIYFOCS
Ha €IUHMIYy TUIoIaau Auarpammbl. [lomernias EHTp BCIIOMOTaTeIbHOTO
Kpy>XKa B y3JIbl CaHTUMETpoBoro Tpadapera (pucyHok 30,a), mMOACUUTHI-
BaeM KOJIMYECTBO TOYEK, IMOMAJAIOIIMX BHYTPh KpyXKKa M HpuOaBisieM
MOJIOBMHY TOYEK, IMOMAJAI0IIUX Ha €r0 OKPY>KHOCTh. DTy IU(py CTaBUM
Ha KaJbKe JauarpaMMbl B y3€lI CETKH. B pe3ynbTare KaxKIbld y3ea Ha
nuarpamMMme OyneT oxapakTtepu3oBaH 1udpoi. B  KkpaeBpIXx dYacTax
IUarpaMmbl  KpyoK-TpadapeT OyJIeT BBIXOIUTH 3a MPEeAesibl OOJbLIOTO
Kpyra, HO POBHO Ha CTOJBKO K€ OH JIOJPKEH BXOJUTh B MPEEIIbI
OOJBIIOTO Kpyra Ha JAUAMETPAIbHO MPOTUBOIOJIOKHOM KOHIIE JHUarpam-
Mbl. BcmomHuM, 4TO TpemmuHa ¢ azuMyToM najgeHus 0° mox yriom 90°
OJHOBPEMEHHO SIBJISIETCS TPEIIUMHOM ¢ a3uMyTOM najeHus 180° mox yrioom
90°, W BCsKHME Jpyrue KpyTO3AIETalolMe TPEIIUHbI C HUYTOXKHBIM
OTKJIOHCHHEM B YTJi€ MaJ€HUSI B 3aBUCUMOCTU OT TOTO, OTKJIOHWJIOCH JIU
WX TAJICHUE K IOTY WIH K CEBEPY, MOMaaAyT HA MPOTUBOMOJIOKHBIE KOHIIBI
auarpaMMbl. BoT modyemy Mpu MCYUCIECHHUM IUIOTHOCTH TOYEK B KPAeBBIX
4acTAX JHUarpaMMbl HEOOXOJMMO YUYMTHIBATH TOYKH, PACIIOJI0KEHHBIE
OJMM3KO K Kparw, Ha MIPOTHUBOIOJOXHOM KOHIIE IuUarpaMMbl (PUCYHOK
30(6). 1 B nanpHeliieM, Koraa OyayT NPOBOAUTHCS U30JUHUM TIJIOTHOCTH,
MEXJly HUMHU JOJDKHO OBITh MOJIHO€ COOTBETCTBHE B JUAMETPAILHO
IPOTUBOTOJIOKHBIX Kpasx auarpaMmbl. Ecnu, Hampumep, kKaxas-HUOYIb
U30JIMHUA yIepiiach B OOJIBIION KPYT C OJHOM CTOPOHBI, TO 3TA K€ JIMHUS
JIOJKHA TIOSIBIISITHCSA HAa OOJIBIIIOM KPYTe € JIPYTOil CTOPOHBI.

st Toro 4troOBl JuarpaMmbl, OCHOBaHHBIE HAa Pa3HOM KOJIMYECTBE
3aMepOB, ObLIIM COMOCTaBUMBI, ITU(PPHI TUIOTHOCTH TOYEK HA CAUHUILY TIO-
a1 JOJKHBI ObITh BRIPAXKEHBI HE B a0COIOTHBIX, @ B OTHOCUTEIbHBIX
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a - OMpeIeNICHUE TYCTOThI TOUEK; O—TMpucrocodieHue 1jisi 00padboTKu
KaJIbKH TOYEUHOMN JUarpaMMbl B KPAeBbIX 4aCTsIX

Pucynok 30 - O06paboTka TOYEYHOM TUarpaMMbl

BenuunHax. Hampumep, eciu oO1ee KOJIM4ecTBO Touek Ha auarpamme 100
uiu okoJio 100, mudpa MIOTHOCTH B KaXKJAOM y3Jie Tpadapera, NoJIydeH-
Hasl MOJCYETOM TOYEK, XapaKTepU3yeT HE TOJIbKO a0COIIOTHYIO, HO U OT-
HOCHUTEJIbHYIO TUIOTHOCTh. Ecnu ke oOmiee konuuectBo Touek 200 wmau
OKOJIO 3TOrO0, JJIsl TOJYUYEHUS! OTHOCUTEIIBHOM TJIOTHOCTH HAJI0 KaXOYHO
mudpy B y3ne Tpadapera pa3aeauth Ha 2. Eciau KoiIM4ecTBO TOYEK OKOJIO
150 - kaxnayro mudpy B y3ie Tpadapera AeauM Ha mostopa. Takum o00-
pazom, moiaydaemM Hu(pbl OTHOCUTEIBHOU TIIOTHOCTHU B IporieHTax Ha 1 %
IJIOIIAAN AuarpaMMbl. Temeph OCTaeTrcsi MPOBECTH JMHHUM OJUMHAKOBOM
MJIOTHOCTH, KOTOPBIE CTPOSITCA MO MPUHIMUIY HW300paKeHUs TOMorpa-
(dbuueckol MOBEpXHOCTHU (pUCYHOK 31,a) U HUT/IE HE JOJHKHBI MEPECEKATh-
csa. Ilpm guarpamme yKa3bIBa€TCsl HAaUMEHOBAHUE H30JIMHUN (PHUCYHOK
31,6) 1 KOMTMYECTBO TOYEK, MOJIOKEHHBIX B OCHOBY JHarpaMMbl.

[IpuBeneHHass quarpaMMa TOKa3bIBA€T, YTO MCCIEAYEMbIII MacCUB
BMENIAET YETHIPE CUCTEMBI TPEILIHH.
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1-3-5-107 %

84 aamepa

a - croco0 MPOBECHUS U30JMHUM; O - AMarpaMma OpUEeHTUPOBKHU TPEIIUH
C YKa3aHUEM IUIOTHOCTEMN, KOTOPBIM COOTBETCTBYIOT U30JUHUHN

Pucynok 31 - O6paboTka quarpaMMbl U30JIMHUNA PaBHOM MJIOTHOCTH

[IepBast cucteMa OpPHUEHTHMPOBAHA BEPTUKAIBHO C a3UMyTaMH Maje-
Husg 75-85 (155-165) rpagycoB. OnHa 3ajneraeT BKpPECT MNPOCTHUPAHUS
CJIOUCTOCTH MOPOJ.

Bropasi cuctema mnpeacTaBiI€HAa KPYTOIMAJAIOMIMMUA TPEIIMHAMU C
azumyTtoM mnaneHus &5-105 rpagycoB um yrinamu mnajgeHus oOkosno 60
IpaaycoB.

TpeTbst cucTteMa — MOJIOTME TPEIIWHBI, a3uMyT nageHus ot 140 mo
155 rpanycos, yribl nmaaenus usMeHsrores ot 20 1o 40 rpagycos.

YeTBeprast cucrema MpEACTaBiI€HA IABYMS MaKCHUMyMaMd (MOKET
OBbITh, 3/IECh MMEETCS JIB€ MPOCTPAHCTBEHHO  COJIMIKEHHBIX CHUCTEMBI
TpeumH). X a3umyThl nmajgeHus uaMeHsrorea ot 185 no 240 rpagycos, a
yTJIBI TIAJICHUS KOJIEOIOTCS B mpeaenax 35—-55 rpaaycos.
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