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Êëþ÷åâûå ñëîâà: ãðàâèðàçâåäêà, âîçäóøíîå ëàçåðíîå ñêàíèðîâàíèå, àýðîôîòîñúåìêà, ïîïðàâêà çà ðåëüåô, öèô­
ðîâûå ìîäåëè ðåëüåôà, àíîìàëèÿ ñèëû òÿæåñòè, çîíà ó÷åòà, ïîãðåøíîñòü ñúåìêè, òîïîêàðòû, èíòåðïðåòàöèÿ

In�the�production�of�high­precision�gravimetric�studies�at�ore�deposits,�an� important� factor� is� the�methodical�
correctness�of�the�work,�which�directly�affects�the�subsequent�costs�and�life�cycle�of�a�geological�exploration�
enterprise.�It�is�known,�that�gravimetric�survey,�in�addition�to�the�actual�stage�of�measurements�on�the�ground,�
includes�the�stage�of�eliminating�errors�introduced�into�the�measurements�by�external�fields�and�objects,�in�par­
ticular,�the�terrain.�Methods�existing�and�adopted�at�the�state�level�involve�the�use�of�materials�from�cartographic�
funds�(topographic�maps�at�a�scale�of�1:100,000�–�1:25,000�and� larger).� It� is�also�allowed�to�use�open�(free)�
terrain�models.�These�materials�are�distinguished�by�a�common�characteristic�feature�–�the�lack�of�detail�in�the�
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display�of�the�microrelief�and�steep�inclined�surfaces�(slopes,�walls,�faults,�incisions).�These�elements�have�a�sig­
nificant�effect�on�the�field�values,�measured�by�gravimeters,�especially�when�measurements,�are�taken�at�points�
located�at�a�small�distance�from�the�specified�forms.�In�addition,�the�existing�methods�do�not�involve�calculations�
using�digital�elevation�models�built�from�initial�data�with�a�high�density�of�elevations�(with�a�step�of�a�few�meters�or�
more).�All�this�creates�the�prerequisites�for�an�insufficiently�complete�consideration�of�corrections�in�gravimetric�
measurements.�At�the�same�time,�the�technical�capabilities�of�modern�aviation�remote�sensing�equipment�make�
it�possible�to�quickly�obtain�a�high­precision�digital�model�of�the� terrain�over� large�areas.�The�most�accurate,�
versatile�and�promising�technology�in�this�respect�is�the�method�of�airborne�laser�(lidar)�scanning.

In�this�paper,�the�authors�consider�a�methodology�for�performing�work�using�both�airborne�laser�scanning�of�
the�relief�and�other�types�of�data�(topographic�maps�1:25,000,�open�data�models).�As�part�of�the�research,�cal­
culations�were�also�made�of�the�final�corrections�for�the�influence�of�the�terrain�and�a�comparison�of�the�results�
obtained�with�each�other.�With� the�help�of�mathematical�modeling�and�cartographic�algebra,�matrices�(grids)�
of�design�parameters�were�constructed.�The�results�of�the�study�are�clearly�demonstrated�in�diagrams�and�dia­
grams,�substantiating�and�illustrating�the�high�information�content�of�the�study

Key words: gravity exploration, aerial laser scanning, aerial photography, terrain correction, digital relief models, gravity 
anomaly, accounting zones, measurement error, topographic maps, interpretation
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ïîïðàâîê� çà� ðåëüåô,� ïîëó÷åííûõ� íà� îñíîâå�
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äîâàíèÿ,�äàòü�ðåêîìåíäàöèè.

Ñòåïåíü ðàçðàáîòàííîñòè ïðîáëåìû�
óêàçûâàåò�íà�ðÿä�íåðåøåííûõ�âîïðîñîâ,�êà­
ñàþùèõñÿ,� ãëàâíûì� îáðàçîì,� öåëåñîîáðàç­
íîñòè� ïðèìåíåíèÿ� ëàçåðíîãî� ñêàíèðîâàíèÿ�
ïðè� ãðàâèðàçâåäî÷íûõ� ðàáîòàõ� íà� ìåñòî­
ðîæäåíèÿõ� ðàçëè÷íîãî� òèïà� è� ðåëüåôà,� à�
òàêæå� ïåðåõîäà� îò� òðàäèöèîííûõ� ìåòîäîâ�
ó÷åòà�âëèÿíèÿ�ðåëüåôà�â�«öåíòðàëüíîé»�çîíå�
ê�êîìïüþòåðíûì�àëãîðèòìàì�íà�îñíîâå�äàí­
íûõ�òîëüêî�ëàçåðíîãî�ñêàíèðîâàíèÿ.�Ïîìèìî�
ýòîãî,�ïðîáëåìó�ïðåäñòàâëÿåò� è�ñîáñòâåííî�
îáåñïå÷åíèå� äàííûìè� äëÿ� ïîäîáíûõ� ðàñ­
÷åòîâ.� Äëÿ� óêàçàííûõ� çàäà÷� ìîãóò� áûòü� èñ­
ïîëüçîâàíû� êàê� ìàòåðèàëû� ñóùåñòâóþùåãî�
êàðòîãðàôè÷åñêîãî� ôîíäà,� òàê� è� ìàòåðèàëû�
îòêðûòîãî� ïîëüçîâàíèÿ� –� ìàòðèöû� âûñîò�
ASTER�DEM,�SRTM.�Â�ðÿäå�ñëó÷àåâ�ýòèõ�ìàòå­
ðèàëîâ�âïîëíå�äîñòàòî÷íî.�Òåì�íå�ìåíåå,�íà�
áîëüøåé� ÷àñòè� ãåîëîãî­ðàçâåäî÷íûõ� îáúåê­
òîâ� ðåëüåô� ìåñòíîñòè� çíà÷èòåëüíî� ðàñ÷ëå­
íåí,� îáëàäàåò� îáèëèåì� ìèêðî­� è� ìåçîôîðì�
ðåëüåôà,� êîòîðûå� íå� ìîãóò� áûòü� îòðàæåíû�
íè�íà� òîïîãðàôè÷åñêèõ� êàðòàõ� (â�ñèëó� öåíçà�
è� óñëîâèé� èõ� ñîñòàâëåíèÿ),� íè� íà� íèçêîäå­
òàëüíûõ�ìîäåëÿõ�ðåëüåôà�îòêðûòîãî�ïîëüçî­
âàíèÿ.�Èñïîëüçîâàíèå�íåäîñòàòî÷íî�ïîäðîá­
íûõ�äàííûõ�î�ðåëüåôå�â�ïîñëåäóþùåì�âåäåò�
ê� íåêîððåêòíîé� èíòåðïðåòàöèè� ñ� ñîîòâåò­
ñòâóþùèìè�äîëãîñðî÷íûìè�íåãàòèâíûìè�ïî­
ñëåäñòâèÿìè.� Äëÿ� îáåñïå÷åíèÿ� òðåáîâàíèé�

âûñîêîòî÷íîé� ãðàâèðàçâåäêè� ïîëüçîâàòåëü�
äîëæåí� ðàñïîëàãàòü� ìàòðèöåé� âûñîò,� îáëà­
äàþùåé�øàãîì�1...3�ì�è�âûñîòíîé�òî÷íîñòüþ�
íà�óðîâíå�0,3...1,0�ì.

Èìåþùèåñÿ� òðàäèöèîííûå� ñúåìî÷íûå�
ìåòîäû� ïîëó÷åíèÿ� èíôîðìàöèè� î� ðåëüåôå�
(òàêèå� êàê� ïàññèâíûå� êîñìè÷åñêèå� è� àâèà­
öèîííûå� ñúåìêè� â� âèäèìîì� äèàïàçîíå)� íå�
ïîçâîëÿþò�ñîçäàòü�äîñòîâåðíûå�ìîäåëè�ðå­
ëüåôà� ñ� çàäàííûìè� õàðàêòåðèñòèêàìè.� Îñ­
íîâíûå�ïðè÷èíû�–�íàëè÷èå�íà�ïîäàâëÿþùåé�
÷àñòè� òåððèòîðèè� ñòðàíû� ðàñòèòåëüíîñòè�
(ëåñ),� êîòîðàÿ� íå� ïîçâîëÿåò� êàðòîãðàôèðî­
âàòü�ñîáñòâåííî�ïîâåðõíîñòü�ðåëüåôà�(òîëü­
êî� âåðõóøêè� äåðåâüåâ).� Ïðè� èñïîëüçîâàíèè�
êîñìè÷åñêèõ� ñíèìêîâ� äàæå� íàèëó÷øåãî� êà­
÷åñòâà� äîñòèæåíèå� âåðòèêàëüíîé� òî÷íîñòè�
íà�óðîâíå�0,3...1,0�ì�ÿâëÿåòñÿ�íåðàçðåøèìîé�
çàäà÷åé.

Â�òî�æå�âðåìÿ,�â�ÐÔ�óæå�îêîëî�20�ëåò�ïðè­
ìåíÿåòñÿ� ìåòîä� âîçäóøíîãî� ëàçåðíîãî� (ëè­
äàðíîãî)� ñêàíèðîâàíèÿ.� Ìåòîä� õîðîøî� ñåáÿ�
çàðåêîìåíäîâàë�ïðè�ðåàëèçàöèè�ñúåìîê�ïîä�
ïðîåêòíûå�ðàáîòû�â�ìàñøòàáå�1:2�000...1:500.�
Îñíîâíîå� ïðåèìóùåñòâî� –� ëàçåðíîå� ñêàíè­
ðîâàíèå� îáåñïå÷èâàåò� ïðîíèêíîâåíèå�÷àñòè�
èìïóëüñîâ�ñêâîçü�êðîíû�äåðåâüåâ�è�ïîçâîëÿ­
åò� êàðòîãðàôèðîâàòü� èìåííî� ðåëüåô� ãðóíòà�
(à�íå�âèäèìîé� ïîâåðõíîñòè,� êàê�ïðè�êëàññè­
÷åñêîé� àýðîôîòîñúåìêå).� Ìåòîä� îòëè÷àåòñÿ�
âûñîêîé�ïðîèçâîäèòåëüíîñòüþ�(äî�500�êì2�íà�
îäíó�ñúåìî÷íóþ�ñèñòåìó�â� ñóòêè)�è�âûñîêîé�
òî÷íîñòüþ�(ïîãðåøíîñòü�ïî�âûñîòå�–�íå�íèæå�
0,1...0,3�ì).

Â�îñíîâó�èññëåäîâàíèÿ�ïîëîæåíû�ïðàê­
òè÷åñêèå� è� òåîðåòè÷åñêèå� ìåòîäû.� Â� ðàáî­
òå� ïðèâåäåíû� ðåçóëüòàòû� ëèäàðíîé� ñúåì­
êè� è� ãðàâèðàçâåäî÷íûõ� ðàáîò� (â� óñëîâíîì�
óðîâíå)� íà� îäíîì� èç� îáúåêòîâ� Âîñòî÷íîãî�
Çàáàéêàëüÿ.� Ðàññìîòðåíà� ìåòîäèêà� ïîëó­
÷åíèÿ� è� èñïîëüçîâàíèÿ� äàííûõ� ëèäàðíîé�
ñúåìêè,� âûïîëíåíà� ñðàâíèòåëüíàÿ� îöåíêà�
ïîëó÷åííûõ� ðåçóëüòàòîâ� ðàñ÷åòîâ� ïîïðàâîê�
çà� ðåëüåô� â� ñðàâíåíèè� ñ� èíûìè� ôîðìàìè�
èíôîðìàöèîííîãî� îáåñïå÷åíèÿ� âû÷èñëå­
íèé.� Ðåçóëüòàòû� îïðåäåëåíèé� ïîïðàâîê� çà�
âëèÿíèå� ðåëüåôà� ìåñòíîñòè� ñîïîñòàâëåíû�
è�ïðîàíàëèçèðîâàíû.�Ñ�ïîìîùüþ�ìàòåìàòè­
÷åñêîãî�ìîäåëèðîâàíèÿ�ïîñòðîåíû�ìàòðèöû�
(ãðèäû)� ðàñ÷åòíûõ� ïàðàìåòðîâ.� Ðåçóëüòàòû�
èññëåäîâàíèÿ�íàãëÿäíî�ïðîäåìîíñòðèðîâà­
íû� íà� äèàãðàììàõ� è� ñõåìàõ,� ÷òî� óêàçûâàåò�
íà�âûñîêóþ�èíôîðìàòèâíîñòü�ïðîâåäåííîãî�
èññëåäîâàíèÿ.
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Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ. Îá­
ùèå�ìåòîäû�ó÷åòà�ïîïðàâîê�çà�ðåëüåô�â�ãðà­
âèìåòðè÷åñêèå�èçìåðåíèÿ�è�èõ�ïðîáëåìàòèêà.

Ïîíèæåíèÿ� (íåäîñòàòîê� ìàññ� íèæå� òî÷­
êè� íàáëþäåíèÿ)� è� ïîâûøåíèÿ� ðåëüåôà� (èç­
áûòîê� ìàññ� âûøå� òî÷êè� íàáëþäåíèÿ)� âñåãäà�
ïðèâîäÿò� ê� óìåíüøåíèþ� íàáëþäàåìîãî� çíà­
÷åíèÿ�ñèëû�òÿæåñòè.�Òàêèì�îáðàçîì,�ïîïðàâ­
êà�çà�âëèÿíèå�ðåëüåôà�äíåâíîé�ïîâåðõíîñòè�
âñåãäà�ïîëîæèòåëüíà.�Îòñóòñòâóåò�óíèôèöè­
ðîâàííàÿ� òåðìèíîëîãèÿ� è� ñòðîãèå� ãðàíèöû�
äëÿ� «áëèæíåé»,� «ñðåäíåé»� (ïðîìåæóòî÷íîé)�
è� «äàëüíåé»� çîí� ó÷åòà� ïîïðàâêè� çà� ðåëüåô.�
Òåðìèí�«öåíòðàëüíàÿ�çîíà»�âîñïðèíèìàåòñÿ�
è�òðàêòóåòñÿ�àâòîðàìè�ïî­ðàçíîìó.�Â�íàøåì�
èññëåäîâàíèè�öåíòðàëüíàÿ�çîíà�âûäåëÿåòñÿ�
âíóòðè� «áëèæíåé»� íà� ðàññòîÿíèè� ðàäèóñîì�
äî�50�ì�îò�ïóíêòà�íàáëþäåíèÿ.�Ïîëàãàåì,�÷òî�
«öåíòðàëüíîé»� çîíå� ñëåäóåò� óäåëÿòü� îñîáîå�
âíèìàíèå,� ïîýòîìó�åå�áóäåì� ðàññìàòðèâàòü�
â�ñîñòàâå�«áëèæíåé»�çîíû,�êîòîðîé�òðàäèöè­
îííî�ïðèïèñûâàëè�ðàäèóñ�äî�100...300�ì.

Ïðèìåíÿþòñÿ�íåñêîëüêî�ñïîñîáîâ�ó÷åòà�
âëèÿíèÿ�ðåëüåôà�ìåñòíîñòè,�ðàçëè÷àþùèõñÿ�
ìîäåëüþ,� àïïðîêñèìèðóþùåé� ðåàëüíóþ� ïî­
âåðõíîñòü� Çåìëè� âîêðóã� òî÷êè� íàáëþäåíèÿ.�
Ôàêòè÷åñêóþ� ïîâåðõíîñòü� çàäàþò� ñîâîêóï­
íîñòüþ�ãîðèçîíòàëüíûõ�ðàçíîâûñîòíûõ�ïëî­
ùàäîê�èëè�êâàäðàòîâ�ðàçíîé�âåëè÷èíû,�ëèáî�
ñåòüþ� óçëîâûõ� òî÷åê,� àïïðîêñèìèðóþùèõ�
ìîäåëü�ðåëüåôà�â�îòñåêàõ�(èëè�ó÷àñòêàõ),�êî­
òîðûå� îáðàçîâàíû� ïåðåñå÷åíèÿìè� ëó÷åé� è�
êîíöåíòðè÷åñêèõ�îêðóæíîñòåé�èëè�êâàäðàòîâ�
ñ�îáùèì� öåíòðîì� â� òî÷êå�íàáëþäåíèÿ� èëè� â�
óçëîâûõ� òî÷êàõ.� Ê� íàèáîëåå� ðàñïðîñòðàíåí­
íûì� ñïîñîáàì� ó÷åòà� ïîïðàâîê� çà� ðåëüåô�
îòíîñÿòñÿ:� Ëóêàâ÷åíêî,� Íåìöîâà­Ïðèøèâàë­
êî,� Ñïîñîá� Äåðãà÷åâà,� Áåðåçêèíà,� Êîâàëÿ,�
Ìóäðåöîâîé,� Ìàëîâè÷êî.� Ñðåäè� íàçâàííûõ�
ðó÷íûõ� ïðèåìîâ� ðàñ÷åòà� ïîïðàâîê� çà� ðå­
ëüåô�íàèáîëåå�âûñîêîé�òî÷íîñòüþ�îáëàäàåò�
ñïîñîá� Ìàëîâè÷êî� [1].� Îáùèì� íåäîñòàòêîì�
ðó÷íûõ� ñïîñîáîâ� ÿâëÿåòñÿ� òðóäîåìêîñòü�
îïðåäåëåíèÿ�ñðåäíèõ�âûñîò�â�îòñåêàõ�è�êâà­
äðàòàõ,� ñðåäíåâçâåøåííûõ� âûñîò� ïàðàëëå­
ëåïèïåäîâ,� óçëàõ� è� ò.� ï.,� ÷òî� îáóñëîâëèâàåò�
íèçêóþ� ïðîèçâîäèòåëüíîñòü.� Ê� ïåðå÷èñëåí­
íîìó� ñëåäóåò� äîáàâèòü� íåâûñîêóþ� òî÷íîñòü�
îïðåäåëåíèÿ� ïîïðàâîê� çà� âëèÿíèå� ðåëüåôà�
èç­çà� ñóùåñòâåííîãî� èçìåíåíèÿ� äåéñòâè­
òåëüíîé�ïîâåðõíîñòè�ïðè�ñãëàæèâàíèè� è� àï­
ïðîêñèìàöèè�ìîäåëè�[2].

Â� ñâÿçè� ñ� ðàçâèòèåì� âû÷èñëèòåëüíîé�
òåõíèêè�è�ìåòîäîâ�ñúåìêè�ðåëüåôà�äíåâíîé�

ïîâåðõíîñòè� ïðàêòè÷åñêè� ïîëíîñòüþ� îòêà­
çàëèñü� îò� ðó÷íûõ� ïðèåìîâ� âû÷èñëåíèé� ïî­
ïðàâîê� çà� âëèÿíèå� ðåëüåôà.� Ïåðâîíà÷àëüíî�
òåõíîëîãèè� àâòîìàòèçèðîâàííîãî� ðàñ÷åòà�
ïîïðàâîê� áàçèðîâàëèñü� íà� âåñüìà� ïðîñòûõ�
âû÷èñëèòåëüíûõ� ñõåìàõ,� îòâå÷àþùèõ� ïà­
ëåòî÷íûì� ñïîñîáàì� âû÷èñëåíèé� íà� îñíîâå�
òîïîêàðò.� Òî÷íîñòü� îïðåäåëåíèÿ� ïîïðàâîê�
òàêèì�ïðèåìîì�áûëà�íà�óðîâíå�ðó÷íîãî�ñïî­
ñîáà,� ïðåèìóùåñòâî� çàêëþ÷àëîñü� òîëüêî� â�
ïðîèçâîäèòåëüíîñòè� ðàñ÷åòà.� Îäíàêî� ïîä­
ãîòîâêà� öèôðîâûõ� ìîäåëåé� íà� îñíîâå� òîïî­
ãðàôè÷åñêèõ�êàðò�Ì�1:25�000�è�áîëåå�êðóïíûõ�
êàðò� (èõ� îöèôðîâêà)� çàíèìàëà� ïðîäîëæè­
òåëüíûé� ïåðèîä� îáðàáîòêè,� ÷òî� âûñòóïàëî�
íåäîñòàòêîì�òàêîãî�ïîäõîäà.

Äàëüíåéøèì� ðàçâèòèåì� òåõíîëîãèè�
ó÷åòà� ïîïðàâîê� çà� ðåëüåô� ñòàíîâèòñÿ� ïðè­
ìåíåíèå� àâòîìàòèçèðîâàííûõ� àëãîðèòìîâ�
ðàñ÷åòà� â� íåñêîëüêèõ� çîíàõ� è� ïîäçîíàõ� íà�
îñíîâå� ðåãóëÿðíîé� ìàòðèöû� âûñîò� (ãðèä),�
äåòàëüíîñòü� êîòîðîé� îïðåäåëÿåò� òî÷íîñòü�
âû÷èñëåíèé.� Ïðè� òàêîì� ïîäõîäå� âîçìîæíî�
èñïîëüçîâàíèå� íåñêîëüêèõ� çîí,� îáîáùåííî:�
«öåíòðàëüíàÿ»,�«áëèæíÿÿ»,�«ñðåäíÿÿ»,�«äàëü­
íÿÿ».� Äëÿ� êàæäîé� çîíû� ìîãóò� ïðèìåíÿòüñÿ�
ñâîè� àëãîðèòìû� ðàñ÷åòà� è� ðàçíàÿ� ñòåïåíü�
äåòàëüíîñòè.�Â�ðåçóëüòàòå�âû÷èñëåíèé�ïîëó­
÷åííûå�ïîïðàâêè�âî�âñåõ�çîíàõ�äëÿ�ðàñ÷åòíîé�
ãðàâèìåòðè÷åñêîé�òî÷êè�ñóììèðóþòñÿ.�×ðåç­
âû÷àéíî�âàæíûì�îñòàåòñÿ�òî÷íîñòü�è�äåòàëü­
íîñòü� öèôðîâîé� ìîäåëè,� íà� îñíîâå� êîòîðîé�
ïðîèçâîäèòñÿ�âû÷èñëåíèå�ïîïðàâîê.

Ïðè� âûñîêîòî÷íûõ� ãðàâèìåòðè÷åñêèõ�
ðàáîòàõ�íàèáîëåå�âàæíûì�âûñòóïàåò� òî÷íîå�
âû÷èñëåíèå� ïîïðàâîê� â� «áëèæíåé»� çîíå� (óñ­
ëîâíî� äî� 100...300� ì)� è� îñîáåííî� êðèòè÷íî�
òî÷íî�îïðåäåëÿòü�ïîïðàâêè� â�«öåíòðàëüíîé»�
çîíå�â�ðàäèóñå�äî�50�ì�îò�ãðàâèìåòðè÷åñêî­
ãî� ïóíêòà.� Â� ýòèõ� çîíàõ� íàáëþäàþòñÿ� êîí­
òðàñòíûå� «âûñîêî÷àñòîòíûå»� ñîñòàâëÿþùèå�
ãðàâèòàöèîííîãî� ýôôåêòà� (èçáûòêà� èëè� íå­
äîñòàòêà� ìàññ)� îò� âîçìóùàþùèõ� îáúåêòîâ.�
Èíñòðóìåíòàëüíûìè� ìåòîäàìè� ñ� ïîìîùüþ�
òåîäîëèòîâ,�ïîïðàâêîìåðîâ,�áàðîíèâåëèðîâ�
è�ò.�ï�íà�ìåñòíîñòè�ñëîæíî�äîáèòüñÿ�âûñîêîé�
òî÷íîñòè� îïðåäåëåíèÿ� ïîïðàâêè� çà� ðåëüåô�
íà� èçðåçàííûõ� «ïåðåñå÷åííûõ»� ó÷àñòêàõ� ðå­
ëüåôà,�îñîáåííî�çàëåñåííûõ.

Â� íàøåì� ïðåäñòàâëåíèè� äëÿ� ðàñ÷åòà�
ïîïðàâîê,� êàê� ìèíèìóì,� â� «öåíòðàëüíîé»� è�
«áëèæíåé»� çîíàõ� íàèáîëåå� ïðåäïî÷òèòåëüíî�
èñïîëüçîâàòü� äåòàëüíûå� (ñ� ÿ÷åéêîé� 1...3� ì)�
öèôðîâûå� ìîäåëè� ðåëüåôà� íà� îñíîâå� äàí­
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íûõ� âîçäóøíîãî� ëàçåðíîãî� ñêàíèðîâàíèÿ.�
Â� äðóãèõ� çîíàõ� («ñðåäíÿÿ»�è�«äàëüíÿÿ»)� âîç­
ìîæíî�ïðèìåíÿòü�ãðóïïèðîâêó�ÿ÷ååê�ñ�öåëüþ�
îïòèìèçàöèè� è� óñêîðåíèÿ� âû÷èñëåíèé.� Äëÿ�
«äàëüíèõ� çîí»,� ãäå� íå� ïðîâîäèëîñü� ëàçåð­
íîå� ñêàíèðîâàíèå,� ðàöèîíàëüíî� èñïîëüçî­
âàòü�ìîäåëè�SRTM�(íàèáîëåå�ïðèåìëåìûå�c�
ÿ÷åéêîé�1x1�ñ).�Òàêèå�ìîäåëè�áóäóò�îòâå÷àòü�
àâòîìàòèçèðîâàííûì�ñïîñîáàì� îáðàáîòêè� ñ�
íàèëó÷øåé� òî÷íîñòüþ� âû÷èñëåíèÿ� ïîïðàâîê�
çà�âëèÿíèå�ðåëüåôà�[6].

Ñâåäåíèÿ î èìåþùèõñÿ èñòî÷íèêàõ äàí­
íûõ î ðåëüåôå è èõ òî÷íîñòü.� Ñóùåñòâóåò�
îïðåäåëåííàÿ�ïðîáëåìà�â�ïîëó÷åíèè�ñâåäå­
íèé�î�ðåëüåôå�ñ�äåòàëüíîñòüþ,�íåîáõîäèìîé�
äëÿ� âûïîëíåíèÿ� ãðàâèìåòðè÷åñêèõ� ðàáîò.�
Øèðîêî�èñïîëüçóåìûå�èñòî÷íèêè�äàííûõ�[3]�
ìîæíî�ðàçäåëèòü�íà:

–� ôîíäîâûå� êàðòîãðàôè÷åñêèå.� Ê� íèì�
îòíîñÿòñÿ� òîïîãðàôè÷åñêèå� êàðòû� ìàñøòà­
áîâ�1:25�000...1:200�000.�Íàèáîëåå�ïðèåìëå­
ìûìè�èç�íèõ�ÿâëÿþòñÿ�Ì�1:25�000�ñ�ñå÷åíèåì�
ðåëüåôà� 5� ì.� Ïðè� ýòîì,� îöåíî÷íàÿ� òî÷íîñòü�
ñîñòàâëÿåò� îêîëî� 1,5...2� ì� ïî� âûñîòå� (äëÿ�
âûñîêîãîðíîãî� ðåëüåôà� ìîæåò� äîñòèãàòü�
3...5�ì).�Øàã�ìàòðèöû�âûñîò,�ïî�ýòèì�äàííûì�
ñîñòàâëÿåò�ñîîòâåòñòâåííî�5...10�ì;

–� îòêðûòûå� ñåòåâûå� èñòî÷íèêè,� ýòî� ìî­
äåëè�äàííûõ�ASTER�DEM�(âûñîòíàÿ�òî÷íîñòü�
15� ì,� øàã� ìàòðèöû� 30� ì),� SRTM� 3õ3� arcsec�
(âûñîòíàÿ� òî÷íîñòü� 7...10� ì,� øàã� ìàòðèöû� –�
îêîëî�90�ì),�SRTM�1õ1�arcsec�(âûñîòíàÿ�òî÷­
íîñòü�5...7�ì,�øàã�ìàòðèöû�–�îêîëî�30�ì);

–�ìàòåðèàëû�îáðàáîòêè�ïàññèâíûõ�ñú¸­
ìîê�â�âèäèìîì�äèàïàçîíå;

–� ìàòåðèàëû� îáðàáîòêè� àêòèâíûõ� ñú¸­
ìîê�â�ðàäèîëîêàöèîííîì�äèàïàçîíå;

–� ìàòåðèàëû� îáðàáîòêè� àêòèâíûõ� ñú¸­
ìîê�â�âèäèìîì�äèàïàçîíå.

Âîçäóøíîå ëàçåðíîå ñêàíèðîâàíèå: îá­
ùèå ñâåäåíèÿ î ìåòîäå

Âîçäóøíîå� ëàçåðíîå ñêàíèðîâàíèå�
ïðåäñòàâëÿåò� ñîáîé� àêòèâíûé� ìåòîä� ñú¸ì­
êè�â�îïòè÷åñêîì�äèàïàçîíå.�Ê�íåñîìíåííûì�
äîñòîèíñòâàì� ìåòîäà� îòíîñÿòñÿ� íåçàâè­
ñèìîñòü� îò� îñâåùåíèÿ,� âîçìîæíîñòü� «ïðî­
áèòü»�ðàñòèòåëüíîñòü,�äàâ�òî÷êè�îòðàæåíèé�
êàê� îò� âåðõóøåê� ðàñòåíèé,� òàê� è� îò� ãðóíòà�
ïîä� íèìè,� à� òàêæå� âûñîêàÿ� òî÷íîñòü� èçìå­
ðåíèé.� Ïðè� ýòîì,� ñàìè� èçìåðåíèÿ� êîîðäè­
íàò� [4]� ÿâëÿþòñÿ� ïðÿìûìè� (èñïîëüçóåòñÿ�
áåçîòðàæàòåëüíûé�ñêàíåð­äàëüíîìåð),�à�íå�
êîñâåííûìè� (êàê� â� ñòåðåîôîòîãðàììåòðè­
÷åñêîì�ìåòîäå).

Ìåòîä�ëàçåðíîãî�ñêàíèðîâàíèÿ,�ïîÿâèâ­
øèéñÿ�â�êîíöå�90­õ�ãã.,�êîãäà�îí�îáåñïå÷èâàë�
òî÷íîñòü�íà� óðîâíå� ïåðâûõ�äåöèìåòðîâ,� áû­
ñòðî�ñîâåðøåíñòâîâàëñÿ�ñ�òå÷åíèåì� âðåìå­
íè.�Îáùèé�íàáîð�êîìïîíåíòîâ�ñèñòåì�ëàçåð­
íîãî� ñêàíèðîâàíèÿ� îñòàåòñÿ� íåèçìåííûì:�
ëàçåðíûé�ñêàíåð­äàëüíîìåð�(ïîëó÷àåò�äàëü­
íîñòè�è�äèñòàíöèè�äî�îáúåêòîâ),�èíåðöèàëü­
íàÿ� ñèñòåìà� (îïðåäåëÿåò� óãëû� ðàçâîðîòà� â�
ïðîñòðàíñòâå� è� ïðîìåæóòî÷íûå� ïîëîæåíèÿ�
ñèñòåìû� âíå� òî÷åê� èçìåðåíèÿ� ñ� èñïîëüçî­
âàíèåì� ÃÍÑÑ� –� ãëîáàëüíûõ� íàâèãàöèîííûõ�
ñïóòíèêîâûõ� ñèñòåì),� ÃÍÑÑ­ïðèåìíèê� (èñ­
ïîëüçóåòñÿ� äëÿ� àáñîëþòíîãî� ïîçèöèîíèðî­
âàíèÿ�ñèñòåìû�è�êîððåêöèè�äðåéôà�èíåðöè­
àëüíîé�ñèñòåìû).

Òî÷íîñòü� âîçäóøíîãî� ëàçåðíîãî� ñêàíè­
ðîâàíèÿ� íåïðåðûâíî� âîçðàñòàåò.� Â� íàñòî­
ÿùåå� âðåìÿ� ìîæíî� ãîâîðèòü� î� äîñòèæåíèè�
àáñîëþòíîé� òî÷íîñòè�èçìåðåíèé� (â�ñèñòåìå�
WGS84,�ýëëèïñîèäàëüíûå�âûñîòû)�íà�óðîâíå�
3...5�ñì�ïðè�èñïîëüçîâàíèè�ñèñòåì,�ðàáîòàþ­
ùèõ�íà�äèñòàíöèÿõ�áîëåå�500�ì,�è�íà�óðîâíå�
2,5...3,5�ñì�äëÿ�ñèñòåì,�ðàáîòàþùèõ�íà�äèñ­
òàíöèÿõ�100...300�ì.�Äàëüíåéøèé�ðîñò�òî÷íî­
ñòè� ëàçåðíûõ� ñèñòåì� îãðàíè÷åí� âîçìîæíî­
ñòÿìè�ÃÍÑÑ­ñèñòåì.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæ­
äåíèå. Îïèñàíèå òåððèòîðèè âûïîëíåíèÿ 
ðàáîò. Òåððèòîðèÿ�ðàáîò�ðàñïîëîæåíà�â�âîñ­
òî÷íîé� ÷àñòè�Çàáàéêàëüñêîãî� êðàÿ,� â� ïðåäå­
ëàõ�îäíîãî�èç�ðóäíûõ�ìåñòîðîæäåíèé,�â�íèç­
êîãîðíîé� ìåñòíîñòè� íà� âûñîòàõ� 450...850� ì.�
Ðåëüåô� ìåñòíîñòè� ñèëüíî� ðàñ÷ëåíåííûé,�
îñíîâíàÿ� ìàññà� ôîðì� ðåëüåôà� ïðåäñòàâëå­
íà�äîëèííûìè�êîìïëåêñàìè�(ñ�ïðåîáëàäàíè­
åì� àêêóìóëÿòèâíûõ� ïîéìåííûõ� ïðîöåññîâ),�
îêðóæåííûìè� âîçâûøåííîñòÿìè� ñ� êðóòûìè,�
äî� 45� ãðàäóñîâ� ñêëîíàìè� ñ� ðàçâèòûìè� îá­
âàëüíî­îñûïíûìè�ïðîöåññàìè.�Â�ðÿäå�ó÷àñò­
êîâ� ïðåäñòàâëåíû� ñêàëüíûå� ñòåíû� âûñîòîé�
äî�70�ì.�Òåððèòîðèÿ�ðàñïîëîæåíà�â�òàåæíîé�
çîíå�è�íà�70�%�ïîêðûòà� äðåâåñíî­êóñòàðíè­
êîâîé�ðàñòèòåëüíîñòüþ.

Â�ðàìêàõ�ïðîãðàììû�ãåîëîãî­ðàçâåäî÷­
íûõ�ðàáîò�âûïîëíåíû�ïëîùàäíûå�âûñîêîòî÷­
íûå� ãðàâèìåòðè÷åñêèå� èññëåäîâàíèÿ,� ïëî­
ùàäü� íàáëþäåíèé� ñîñòàâèëà� îêîëî� 23� êì2.�
Îñíîâíàÿ�ñåòü�íàáëþäåíèé�ïðîâåäåíà�ïî�ñåò­
êå�ñ�øàãîì�200õ100�ì,�â�àíîìàëüíûõ�èíòåðâà­
ëàõ�âûïîëíåíî�ñãóùåíèå�ñåòêè�äî�100õ50�ì.�
Ñðåäíåêâàäðàòè÷åñêàÿ�ïîãðåøíîñòü�îïðåäå­
ëåíèÿ� íàáëþäàåìûõ� çíà÷åíèé� àíîìàëèè� ñè­
ëû�òÿæåñòè�±0,011�ìÃàë.�Ïðèâÿçêà�òî÷åê�îñó­
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ùåñòâëÿëàñü� ñ� ïîìîùüþ� ÃÍÑÑ­ïðèåìíèêîâ�
(ïîãðåøíîñòü�ïëàíîâîãî�è�âûñîòíîãî�îïðåäå­
ëåíèÿ�ïîëîæåíèÿ�±0,12�ì).�Äëÿ�ó÷åòà�âëèÿíèÿ�
ðåëüåôà� ìåñòíîñòè� íà� ó÷àñòêå� ãðàâèðàçâå­
äî÷íûõ�ðàáîò�è�çà�åãî� ïðåäåëàìè�â� ðàäèóñå�
áîëåå� 2� êì� âûïîëíåíî� ëèäàðíîå�ñêàíèðîâà­
íèå�ïîä�ìàñøòàá�1:2�000.�Ïðè�ýòîì�ïëîùàäü�
ñêàíèðîâàíèÿ�ñîñòàâèëà�îêîëî�60�êì2.

Ëàçåðíîå� ñêàíèðîâàíèå� âûïîëíÿëîñü�
ñ� âûñîòû� 600� ì� (+/­� 70� ì)� ñ� îäíîâðåìåííîé�
àýðîôîòîñúåìêîé� â� âèäèìîì� äèàïàçîíå.�
Ïëîòíîñòü� ëàçåðíîãî� ñêàíèðîâàíèÿ� ñîñòà­
âèëà� 4,2� òî÷åê� íà� 1� ì2,� ñðåäíåå� ðàññòîÿíèå�
ìåæäó� ïðÿìûìè� èçìåðåíèÿìè� êîîðäèíàò�
îáëó÷àåìîé� ïîâåðõíîñòè� –� 48� ñì.� Îöåíî÷­
íàÿ� ñðåäíåêâàäðàòè÷åñêàÿ� ïîãðåøíîñòü� ëà­
çåðíî­ëîêàöèîííîé�ñúåìêè�[8]�ïî�âûñîòå�(ïî�
äàííûì�íàçåìíîãî�êîíòðîëÿ�ïî�26�êîíòðîëü­
íûì� òî÷êàì,� îïðåäåëåííûì� ìåòîäîì� ñòàòè­
÷åñêèõ�ÃÍÑÑ­íàáëþäåíèé)�ñîñòàâèëà�12,5�ñì�
è�24,2�ñì�–�â�ïëàíå.�Âðåìÿ�âûïîëíåíèÿ�ñêà­
íèðîâàíèÿ� –� 3� ÷.� Ïî� ðåçóëüòàòàì� ëàçåðíîãî�
ñêàíèðîâàíèÿ� ðàçðàáîòàíà� êëàññèôèêàöèÿ�
òî÷åê�ëàçåðíûõ�îòðàæåíèé�(êëàññû�«Çåìëÿ»,�
«Ðàñòèòåëüíîñòü»,�«Ïðî÷åå»)�[9;�10].�Èç�òî÷åê�
êëàññà�«Çåìëÿ»�ìåòîäîì�òðèàíãóëÿöèè�Äåëî­
íå� ïîñòðîåíà� TIN­ìîäåëü� ìåñòíîñòè,� ïîçä­
íåå� ïðåîáðàçîâàííàÿ� â� ðåãóëÿðíî­ÿ÷åèñòóþ�
ìîäåëü�äàííûõ�c�ÿ÷åéêîé�1õ1�ì�[11].�Èìåííî�
ýòà�ìîäåëü�èñïîëüçîâàíà�â�ðàñ÷åòàõ.

Â� êà÷åñòâå� àëüòåðíàòèâíîé� ìîäåëè� èñ­
ïîëüçîâàíà� âåêòîðèçîâàííàÿ� òîïîãðàôè÷å­
ñêàÿ�êàðòà�1:25�000�ñ�øàãîì�ãîðèçîíòàëåé�5�ì�
(øàã� èçîëèíèé� 5� ì� ïî� âûñîòàì)� (îæèäàåìàÿ�
òî÷íîñòü�–�íà�óðîâíå�1/3�ñå÷åíèÿ�ðåëüåôà,�òî�
åñòü�1,6�ì).

Ñîçäàíà� ñîâìåùåííàÿ� ìîäåëü� ðåëüåôà�
(îáúåäèíåííàÿ�ìàòðèöà�âûñîò),�ñî÷åòàþùàÿ�
öèôðîâóþ� ìîäåëü� ðåëüåôà� ïî� äàííûì� ëè­
äàðíîé� ñúåìêè� (òàì,� ãäå� ýòè� äàííûå� åñòü)� ñ�
ìîäåëüþ�ðåëüåôà�ïî�òîïîêàðòå�1:25�000�(íà�
òåððèòîðèè,� ãäå� ëèäàðíàÿ� ñúåìêà� íå� ïðîâî­
äèëàñü).

Ïîäõîäû ê âû÷èñëåíèþ ïîïðàâîê çà ðå­
ëüåô â àíîìàëèè ñèëû òÿæåñòè. Äëÿ� îïðå­
äåëåíèÿ�ïîïðàâîê�çà�âëèÿíèå�ðåëüåôà�ìåñò­
íîñòè� èñïîëüçîâàí� àëãîðèòì� âû÷èñëåíèÿ,�
ðåàëèçîâàííûé�â�Geosoft�Oasis�Montaj�(ðèñ.�1)�
[7].� Äëÿ� ðàñ÷åòà� èñïîëüçîâàëè� äâå� ðåãóëÿð­
íûå�ìàòðèöû�âûñîò:�ëîêàëüíóþ�è�ðåãèîíàëü­
íóþ.� Ëîêàëüíàÿ� ìàòðèöà� âûñîò� ðàññ÷èòûâà­
åòñÿ� ñ� ìåëêîé� ÿ÷åéêîé.� Êàê� ïðàâèëî,� âûáîð�
ÿ÷åéêè� îïðåäåëÿåòñÿ� ìàñøòàáîì� è� òî÷íî­
ñòüþ�ãðàâèìåòðè÷åñêèõ�ðàáîò�(÷àùå�èñïîëü­

çóåòñÿ� ÿ÷åéêà� 1...5� ì),� âû÷èñëåíèå� íà� îñíî­
âå� ýòîé� ìàòðèöû� ìîæåò� ïðîèçâîäèòüñÿ� äî�
çàäàííîãî� ðàññòîÿíèÿ� îò� ãðàâèìåòðè÷åñêîé�
òî÷êè� èëè� çàêàí÷èâàòüñÿ� íà� êðàÿõ� ëîêàëüíî­
ãî� ãðèäà� âûñîò.� Äàëåå� ðàñ÷åò� ïðîäîëæàåòñÿ�
íà�îñíîâå�ìàòðèöû�âûñîò�ðåãèîíàëüíîãî�ðå­
ëüåôà,� êîòîðûé� èìååò� áîëåå� ãðóáóþ� ÿ÷åéêó,�
îáû÷íî� 20...50� ì� è� êðóïíåå.� Äëÿ� íåáîëüøèõ�
ó÷àñòêîâ�ãðàâèìåòðîâîé�ñúåìêè�(ïåðâûå�êì2�
è� ïåðâûå� äåñÿòêè� êì2)� ðàäèóñ� ðåãèîíàëüíî­
ãî� ðåëüåôà� ÷àùå� äîñòàòî÷íî� îãðàíè÷èâàòü�
20...30�êì,�äëÿ�ó÷àñòêîâ�ñ�áîëüøåé�ïëîùàäüþ�
è�ðåãèîíàëüíûõ�ãðàâèìåòðè÷åñêèõ�ðàáîò�ðà­
äèóñ�ó÷åòà�ïîïðàâîê�çà�ðåëüåô�ìîæåò�äîñòè­
ãàòü�äî�200�êì.

Â�Geosoft�ïîïðàâêà�çà�ðåëüåô�ðàññ÷èòû­
âàåòñÿ� íà� îñíîâå� âêëàäîâ� «áëèæíåé»,� «ïðî­
ìåæóòî÷íîé»� è� «äàëüíåé»� çîí.� Â� «áëèæíåé»�
çîíå�(0...1�ÿ÷åéêà�îò�òî÷êè�íàáëþäåíèè)�àëãî­
ðèòì�ñóììèðóåò�ýôôåêòû�÷åòûðåõ�òðåóãîëü­
íûõ� êóñî÷êîâ,� êîòîðûå� îïèñûâàþò� ïîâåðõ­
íîñòü� ìåæäó� ãðàâèìåòðè÷åñêèì� ïóíêòîì� è�
âûñîòîé�â�òî÷êå�êàæäîãî�äèàãîíàëüíîãî�óãëà.�
Â� «ïðîìåæóòî÷íîé»� çîíå� (1...8� ÿ÷ååê� îò� òî÷­
êè� íàáëþäåíèé)� òîïîãðàôè÷åñêèé� ýôôåêò�
äëÿ�êàæäîé�òî÷êè�âû÷èñëÿåòñÿ�ñ�èñïîëüçî­
âàíèåì�ìåòîäà�ïðèçìû,�âåðõíåå�îñíîâàíèå�
êîòîðîé�–�êâàäðàò.�Â�«äàëüíåé»�çîíå�(áîëåå�8�
ÿ÷ååê)� òîïîãðàôè÷åñêèé� ýôôåêò� âû÷èñëÿåò­
ñÿ�íà�îñíîâå�àïïðîêñèìàöèè�êîëüöåîáðàçíî­
ãî�ñåãìåíòà�êâàäðàòíîé�ïðèçìîé�(ñì.�ðèñ.�1).

Ïîëíàÿ� ïîïðàâêà� çà� âëèÿíèå� ðåëüåôà�
ìåñòíîñòè� àâòîìàòè÷åñêè� ðàññ÷èòûâàåòñÿ�
çà�ñ÷åò�ñóììèðîâàíèÿ�âêëàäà�ïîïðàâîê�â�êà­
æäîé�çîíå.

Ïîñòðîåíèå öèôðîâûõ ïîâåðõíîñòåé 
ïîïðàâîê. Â� ñâÿçè� ñ� òåì,� ÷òî� äåòàëüíûå� âû­
ñîêîòî÷íûå� öèôðîâûå� ìîäåëè� èìåþò� îãðà­
íè÷åííîå� ðàñïðîñòðàíåíèå,� òî�ïðè�óâåëè÷å­
íèè�ðàäèóñà�âû÷èñëåíèÿ�ïîïðàâêè�çà�ðåëüåô�
ïðèõîäèòñÿ� ïîäêëþ÷àòü� äðóãèå� áîëåå� «ãðó­
áûå»� öèôðîâûå� ìîäåëè� âûñîò.� Äàííûé� ïîä­
õîä� ïðåäïîëàãàåò�ðàñ÷åò�ïîïðàâîê�îòäåëüíî�
äëÿ�êàæäîé�öèôðîâîé�ïîâåðõíîñòè�âûñîò.�Òà­
êîå� ðàçäåëåíèå� îáóñëîâëåíî� ðàçíîé� ñòåïå­
íüþ�òî÷íîñòè�è�äåòàëüíîñòè�öèôðîâûõ�ìîäå­
ëåé�ðåëüåôà,�ñîîòâåòñòâåííî�äëÿ�«áëèæíåé»�
çîíû� èñïîëüçóåòñÿ� äåòàëüíàÿ� öèôðîâàÿ� ìî­
äåëü�âûñîò,�à�äëÿ�äàëüíèõ�çîí�–�áîëåå�ãðóáûå�
è� ìåíåå� ïîäðîáíûå� ìîäåëè.� Íàïðèìåð,� äëÿ�
«áëèæíåé»� çîíû� ðàñ÷åò� âûïîëíÿåòñÿ� íà� îñ­
íîâå�äåòàëüíîé�ìîäåëè,�ïîñòðîåííîé�ïî�äàí­
íûì�ëàçåðíîãî�ñêàíèðîâàíèÿ,�äëÿ�«ñðåäíåé»�
è� «äàëüíåé»� çîí� ðàññ÷èòûâàåòñÿ� íà� îñíîâå�
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òîïîêàðò�1:25�000�èëè�â�êîìáèíàöèè�ñ�SRTM�
[5].�Â�ðåçóëüòàòå�ïîëó÷åííûå�ïîïðàâêè�â�ðàç­
íûõ� çîíàõ� ñóììèðóþòñÿ.� Òî÷íîñòü� ìîäåëåé�
SRTM� è� òîïîêàðò� ìàñøòàáà� 1:25� 000� íå� ïî­
çâîëÿåò�èñïîëüçîâàòü�èõ�äëÿ�âû÷èñëåíèÿ�ïî­
ïðàâîê�â�«áëèæíåé»�çîíå�(äàëåå�ðàññìîòðèì�
ïðèìåð).�Ïîýòîìó�êîìáèíàöèÿ�èç�íåñêîëüêèõ�
ãðèäîâ� âûñîò,� èìåþùèõ� ðàçíóþ� òî÷íîñòü� è�
äåòàëüíîñòü,� ïðåäñòàâëÿåòñÿ� íàèáîëåå� ïðà­
âèëüíûì�ðåøåíèåì�äëÿ�äîñòèæåíèÿ�âûñîêîé�
òî÷íîñòè� îïðåäåëåíèÿ� ïîïðàâêè� çà� âëèÿíèå�

Ðèñ. 1. Ìåòîäèêà âû÷èñëåíèÿ ãðàâèòàöèîííûõ ïîïðàâîê çà ðåëüåô â Geosoft Oasis Montaj / 
Fig. 1. Methodology calculation gravity terrain corrections in Geosoft Oasis Montaj

ðåëüåôà� äíåâíîé� ïîâåðõíîñòè.� Òàêèì� îáðà­
çîì,� ïîïðàâêè� çà� ðåëüåô� ðàññ÷èòàíû� íà� îñ­
íîâå� âñåãî� èìåþùåãîñÿ� ìàññèâà� âûñîòíûõ�
îòìåòîê,� âêëþ÷àÿ� ïóíêòû� ãðàâèìåòðè÷åñêèõ�
íàáëþäåíèé,� åãî� îêðåñòíîñòè� è� ìàêñèìàëü­
íîå�óäàëåíèå,�êîòîðîå�îãðàíè÷åíî�èìåþùè­
ìèñÿ�äàííûìè�ÖÌÐ.�Äëÿ�ìîäåëè,�ïîëó÷åííîé�
ïî� äàííûì� ëàçåðíîãî� ñêàíèðîâàíèÿ,� ÿ÷åéêà�
ñîñòàâèëà�1õ1�ì,�äëÿ�ìîäåëè�ÖÌÐ�íà�îñíîâå�
òîïîäàííûõ�–�5õ5�ì,�äëÿ�ìîäåëåé�SRTM�ÿ÷åé­
êà�ñîñòàâèëà�20õ20�ì.

,

;

;

;

;

;

;

Îöåíêà òî÷íîñòè ðåçóëüòàòîâ ðàñ÷åòà 
ïîïðàâîê çà ðåëüåô.� Òðàäèöèîííî� (ðó÷íûì�
ñïîñîáîì)� îöåíêà� òî÷íîñòè� íàõîæäåíèÿ� ïî­
ïðàâîê�çà�âëèÿíèå�ðåëüåôà�îïðåäåëÿëàñü�ïî�
ðåçóëüòàòàì� ïîâòîðíûõ� âû÷èñëåíèé� ïîïðà­
âîê�ïðè�ðàçëè÷íîì�ðàñïîëîæåíèè�óçëîâ,�â�êî­
òîðûõ�îïðåäåëÿþòñÿ�âûñîòû,�èëè�æå�äðóãèìè�
ðàâíîöåííûìè�ïî�òî÷íîñòè�ìåòîäàìè�1.

Îöåíêà�òî÷íîñòè�îïðåäåëåíèÿ�ïîïðàâîê�
çà�âëèÿíèå�ðåëüåôà�ìåñòíîñòè�ïðè�êîìïüþ­
òåðíîì�ðàñ÷åòå�âîçìîæíà�íà�îñíîâå�ãåíåðà­
öèè� ñëó÷àéíûõ� ñìåùåíèé� ìåñòîïîëîæåíèÿ�
ãðàâèìåòðè÷åñêèõ� ïóíêòîâ� ïî� êîîðäèíàòàì�
X�è�Y�[1].�Àìïëèòóäà�ñìåùåíèÿ�îïðåäåëÿëàñü�
íà� îñíîâå� òî÷íîñòè� ïðèâÿçêè� ãðàâèìåòðè­
÷åñêèõ� ïóíêòîâ� è� ïëàíîâîé� òî÷íîñòè� äàííûõ�

1�Ìèíèñòåðñòâî�ãåîëîãèè�ÑÑÑÐ:�Èíñòðóêöèÿ�ïî�ãðàâèðàçâåäêå.�–�Ë.:�Íåäðà,�1980.�–�89�ñ.
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ëàçåðíîãî� ñêàíèðîâàíèÿ.� Äëÿ� ãåíåðàöèè�
ñëó÷àéíûõ� îòêëîíåíèé� êîîðäèíàò� â� ïëàíå� (X�
è� Y)� ïðèíÿòî� çíà÷åíèå� ±� 1� ì� (îêðóãëèëè� äî�
ðàçìåðà�1�ÿ÷åéêè�ìîäåëè�ÖÌÐ).�Â�ðåçóëüòà­
òå�âû÷èñëåíèé�ðàçíîñòü�ïîïðàâîê�çà�ðåëüåô�
ìåæäó� ôàêòè÷åñêèìè� è� ñëó÷àéíûìè� ñìåùå­
íèÿìè�èçìåíÿåòñÿ�â�äèàïàçîíå�­38...42�ìêÃàë�
è� õàðàêòåðèçóåòñÿ� ñðåäíåêâàäðàòè÷åñêîé�
ïîãðåøíîñòüþ� ±� 5� ìêÃàë� (â� ñîïîñòàâëåíèè�
ó÷àñòâîâàëî�800�ãðàâèìåòðè÷åñêèõ�òî÷åê).

Äëÿ� ñîïîñòàâëåíèÿ� ðåçóëüòàòîâ� ïî­
ëó÷åííûõ� ïîïðàâîê� çà� ðåëüåô� ïî� äàííûì�
ëàçåðíîãî� ñêàíèðîâàíèÿ� è� òîïîäàííûì�
ðàññ÷èòàåì� ìîäåëü� èõ� ðàçíîñòè� (ðèñ.� 2).�
Ñòàòèñòè÷åñêèå� ïîêàçàòåëè� ãðèäà� ðàçíî­
ñòè� ïîïðàâîê:� (ìèíèìóì� –� 418,03� ìêÃàë;�
ìàêñèìóì� –� 1164,35� ìêÃàë;� ñðåäíåå� àðèô­
ìåòè÷åñêîå� çíà÷åíèå� –� 70,33� ìêÃàë;� ìåäèà­
íà� –� 92,45� ìêÃàë;� ñòàíäàðòíîå� îòêëîíåíèå� –�
129,65�ìêÃàë).

Íà� ðèñ.� 2� íàãëÿäíî� ïðåäñòàâëåíî,� ÷òî�
ìàêñèìàëüíûå� îòêëîíåíèÿ� íàáëþäàþòñÿ�
íà� êðóòûõ� ñêëîíàõ� è� ðåçêèõ� ïåðåïàäàõ� ðå­
ëüåôà� ìåñòíîñòè,� ãäå� çíà÷åíèÿ� ïîïðàâêè�
äîñòèãàþò�áîëåå�200�ìêÃàë,�à�íà�îòäåëüíûõ�
ó÷àñòêàõ� îêîëî� 1000� ìêÃàë.� Ïîñëåäíåå� ÿâ­
ëÿåòñÿ� íåïðèåìëåìûì� ïðè� ïðîèçâîäñòâå�
âûñîêîòî÷íûõ� ãðàâèìåòðè÷åñêèõ� ðàáîò2.� Â�
äîëèíàõ� è� íà� ïîëîãèõ� ó÷àñòêàõ� ìåñòíîñòè�
âåëè÷èíà�ðàçíîñòè�ïîïðàâîê�ìèíèìàëüíà�è�

íåñóùåñòâåííà.�Îòñþäà�âîçíèêàåò�ïðåäïî­
ëîæåíèå,� ÷òî� ýòè� ðàñõîæäåíèÿ� â� âû÷èñëå­
íèÿõ�ïîïðàâîê�çà�ðåëüåô�ìîãóò�çíà÷èòåëüíî�
ïîâëèÿòü�íà�èíòåðïðåòàöèþ�àíîìàëèé�ñèëû�
òÿæåñòè.

Äëÿ�ïîäòâåðæäåíèÿ�âûäâèíóòîé�ãèïîòå­
çû�âûïîëíèì�ðàñ÷åò�àíîìàëèè�ñèëû�òÿæåñòè�
íà� ïðèìåðå� ôðàãìåíòà� ãðàâèìåòðè÷åñêîãî�
ïðîôèëÿ,�ïðîõîäÿùåãî�÷åðåç�êðóòîé�ó÷àñòîê�
ðåëüåôà,� ãäå� ðàçíèöà� âûñîòíûõ� îòìåòîê� íà�

Ðèñ. 2. Ñõåìà ðàçíîñòè ïîïðàâîê çà ðåëüåô, ïîëó÷åííûõ ïî äàííûõ ëàçåðíîãî ñêàíèðîâàíèÿ 
è òîïîêàðòàì Ì 1:25 000 / Fig. 2. Difference between gravity corrections, calculated using LIDAR 

data and topographic data Scale 1:25 000

2�Ìèíèñòåðñòâî�ãåîëîãèè�ÑÑÑÐ:�Èíñòðóêöèÿ�ïî�ãðàâèðàçâåäêå.�–�Ë.:�Íåäðà,�1980.�–�89�ñ.
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ñêëîíå� ïî� ðåçóëüòàòàì� ëàçåðíîãî� ñêàíèðî­
âàíèÿ� è� òîïîäàííûì� äîñòèãàåò� îêîëî� 15� ì�
(ðèñ.� 3).� Ðàçíîñòü� ïîïðàâîê� çà� âëèÿíèå� ðå­
ëüåôà� äíåâíîé� ïîâåðõíîñòè� íà� ýòîì� ó÷àñò­
êå� (ÏÊ� 190­200)� äîñòèãàåò� îêîëî� 800� ìêÃàë�
(ðèñ.�4).

Íà� ïðåäñòàâëåííîì� ïðîôèëå� àíîìàëèÿ�
ñèëû� òÿæåñòè� áóäåò� âûãëÿäåòü� ñëåäóþùèì�
îáðàçîì�(ðèñ.�5).�Â�ðåçóëüòàòå�òðàíñôîðìà­
öèè�àíîìàëèè�ñèëû�òÿæåñòè�êîìïåíñèðîâàíà�
ðåãèîíàëüíàÿ�ñîñòàâëÿþùàÿ�ãðàâèòàöèîííî­
ãî�ïîëÿ.� Èòîãîì�òðàíñôîðìàöèè� (ðèñ.�6)�ÿâ­
ëÿåòñÿ� îñòàòî÷íàÿ� àíîìàëèÿ� (èëè� ëîêàëüíàÿ�
ñîñòàâëÿþùàÿ� àíîìàëèè� ñèëû� òÿæåñòè).� Â�
ñâÿçè� ñ� íåêîððåêòíûì� ðåëüåôîì� íà� ó÷àñòêå�
ÏÊ� 190–200� èìååì� ëîæíûé� ãðàâèòàöèîííûé�
ýôôåêò� îêîëî� ­500� ìêÃàë,� îáóñëîâëåííûé�
íåó÷òåííûìè� ìàññàìè� «âûøå­íèæå»� òî÷­
êè� íàáëþäåíèÿ.� Íàïîìíèì,� ÷òî� äëÿ� ãîðíûõ�

ðàéîíîâ�â�Ì�1:�25�000�ïðè�ãðàâèìåòðè÷åñêîé�
ñúåìêå�äîïóñêàåòñÿ�ïîãðåøíîñòü�îïðåäåëå­
íèÿ� àíîìàëèè� ñèëû� òÿæåñòè� ±250� ìêÃàë3.� Â�
èòîãå,� âêëàä� òîëüêî� ïîïðàâêè� çà� ðåëüåô� ïî�
òîïîäàííûì�ïðåâûøàåò�òðåáóåìóþ�òî÷íîñòü�
ðàáîò.

Íåîáõîäèìî� îöåíèòü,� íàñêîëüêî� îò­
êëîíåíèå� ðàñ÷åòîâ� ïîïðàâîê� çà� ðåëüåô� íà�
îñíîâå� òîïîäàííûõ� Ì� 1:25� 000� ÿâëÿåòñÿ�
ñóùåñòâåííûì� ïðè� èíòåðïðåòàöèè� àíîìà­
ëèé.� Äëÿ� ýòîãî� âûïîëíèì� ìîäåëèðîâàíèå�
íà� îñíîâå� äâóìåðíîé� èíâåðñèè� â� ïðîãðàì­
ìå� ZondMag2D.� Ïàðàìåòðû� èíâåðñèè� äëÿ�
êðèâûõ� ëîêàëüíîé� ñîñòàâëÿþùåé� àíîìàëèè�
ñèëû�òÿæåñòè�(ðèñ.�6)�ïðèìåì�îäèíàêîâûìè.�
Â� ðåçóëüòàòå� ðåøåíèÿ� îáðàòíîé� çàäà÷è� ïî­
ëó÷åíû� ðàçðåçû� ýôôåêòèâíîé� èçáûòî÷íîé�
ïëîòíîñòè�(ðèñ.�7;�8).

Ðèñ. 3. Ãðàôèêè ðàçíîñòè âûñîòíûõ îòìåòîê ïî ïðîôèëþ / 
Fig. 3. Graphs of elevation difference along the profile

Ðèñ. 4. Ãðàôèêè ðàçíîñòè ïîïðàâîê çà ðåëüåô ïî ïðîôèëþ / 
Fig. 4. Graphs of gravity corrections difference along the profile

3�Ìèíèñòåðñòâî�ãåîëîãèè�ÑÑÑÐ:�Èíñòðóêöèÿ�ïî�ãðàâèðàçâåäêå.�–�Ë.:�Íåäðà,�1980.�–�89�ñ.
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Ðèñ. 5. Ãðàôèêè ðàññ÷èòàííîé àíîìàëèè ñèëû òÿæåñòè (óñëîâíûé óðîâåíü) / 
Fig. 5. Graphs of gravity anomalies along the profile (at conditional level)

Ðèñ. 6. Ãðàôèêè ëîêàëüíîé ñîñòàâëÿþùåé àíîìàëèè ñèëû òÿæåñòè / 
Fig. 6. Graphs of local gravity anomalies

Ðèñ. 7. Ðåçóëüòàòû äâóìåðíîé èíâåðñèè (ñ ïîïðàâêîé çà ðåëüåô ïî ëàçåðíîìó ñêàíèðîâàíèþ) / 
Fig. 7. Results of 2D­inversion along profile (terrain correction using LIDAR data)
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Âèçóàëüíî�àíàëèçèðóÿ�ðèñ.�7�è�8,�íàáëþ­
äàåì�çíà÷èòåëüíîå�ðàñõîæäåíèå�â�ðåçóëüòà­
òàõ� èíòåðïðåòàöèè.� Ôîðìà� àíîìàëèåîáðà­
çóþùèõ� îáúåêòîâ� ðàçëè÷íà,� êàê� è� çíà÷åíèÿ�
èçáûòî÷íîé� ïëîòíîñòè� â� ýïèöåíòðàõ� àíîìà­
ëèé.� Â� ñâÿçè� ñ� ýòèì,� ãåîëîãè÷åñêàÿ� èíòåð­
ïðåòàöèÿ� ïîëó÷åííûõ� ïëîòíîñòíûõ� ðàçðåçîâ�
íîñèò� íåîäíîçíà÷íûé� õàðàêòåð.� Ðåçóëüòàòû�
ìîäåëèðîâàíèÿ� íà� îñíîâå� äàííûõ� ëàçåðíî­

Ðèñ. 8. Ðåçóëüòàòû äâóìåðíîé èíâåðñèè (ñ ïîïðàâêîé çà ðåëüåô ðåëüåô ïî êàðòàì Ì 1:25 000) / 
Fig. 8. Results of 2D­inversion along profile (terrain correction using topographic maps Scale 1:25 000)

Ðèñ. 9. Ñõåìàòè÷åñêèé ãåîëîãè÷åñêèé ðàçðåç ïî ëèíèè èíòåðïðåòàöèîííîãî ïðîôèëÿ / 
Fig. 9. Schematic geological section along interpretive profile line
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